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ABSTRACT
Cavanaugh, P a t r ic k ,  M .S ., June, 1979 Geology
Geology o f  the L i t t l e  Boulder Creek (White Cloud) Molybdenum 
D epos it, Custer County, Idaho
D ire c to r :  Ian Lange
The L i t t l e  Boulder Creek stockwork molybdenum de po s it  is  located 
in  the g la c ia te d  headwaters o f  L i t t l e  Boulder Creek on the south­
eastern edge o f  the White Cloud stock o f  c e n tra l Idaho. The 
83.6 m.y. o ld  stock in tru d e s  and u p l i f t s  Wood R iver Formation (?) 
c a lc -q u a r tz i te s  in to  an e longate dome. Contact metamorphism o f  
the sediments grades from pyroxene fa c ie s  (d iop s ide ) to  meta- 
q u a r tz i te  and w o l la s to n i te / t r e m o l i te  bearing c a l c - s i1ic a te s . A 
major N15°E trend ing  f a u l t  zone borders the eastern edge o f  the 
stock and downdrops a p o rp h y r i t ic  quartz  monzonite  se g m e n t and 
ad jacen t zone o f t a c t i t e .
The 300m wide t a c t i t e  zone is  densely c r is s -c ro sse d  by pegm atites, 
a p l i te s ,  and quartz  v e in le ts .  The h ighest grade molybdenite 
m in e ra l iz a t io n  is  confined to  the quartz  (+ o r th oc la se ) v e in le ts  
in  the t a c t i t e .  Most molybdenite is  found as f in e  f la ke s  in  m iddle 
and e a r ly  Stage v e in le ts  which are g e n e ra l ly  conformable w ith  
bedding ( s t r i k e  N15°E and d ip  s tee p ly  w es t).
P y r i te  and s c h e e l i te  are found throughout the ore zone and s c h e e l i te  
overlaps in to  an ex te rna l ha lo . Hydrothermal a l te r a t io n  con s is ts  o f  
s i l i c i f i c a t i o n ,  and lo c a l iz e d  a r g i l  l i e  a l te r a t io n  and s e r i c i t i z a t i o n .
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CHAPTER I 
INTRODUCTION
Location and Access
The L i t t l e  Boulder Creek depos it is  located along the south­
eastern margin o f  the White Cloud Peaks in  cen tra l Idaho w i th in  the 
boundary o f  the Sawtooth National Recreation Area (see F ig . 1). The 
deposit is  56 km (35 m iles ) by a i r  southwest o f  C h a l l is ,  Idaho, and 
45 km (28 m iles ) northwest o f  Sun V a lle y ,  Idaho in  T. 8 N., R. 16 E . , 
and T. 9 N., R. 16 E. From C h a l l is  the deposit is  best reached by 
t ra v e l in g  30 km (19 m iles) southwest on U.S. 93, then 42 km (26 m iles ) 
south on the East Fork o f  the Salmon R iver road, and f i n a l l y  13 km 
(8 m iles) up the w e ll maintained L i t t l e  Boulder Creek fo o t  t r a i l .
The molybdenum depos it is  claimed by the American Smelting and 
Refin ing Company (ASARCO), which maintains a permanent camp on the 
p ro p e r ty .
H is to ry  and Previous Work
Prospecting began in  the reg ion before the tu rn  o f  the cen tu ry . 
Considerable a c t i v i t y  occurred in  the Germania and Washington basins, 
a few miles southwest o f  L i t t l e  Boulder Creek. Gold and s i l v e r  production 
valued a t  about $500,000 came from veins and a s i l i c i f i e d  th ru s t  brecc ia  
in  th is  area before 1890 (Tschanz and o the rs , 1974).
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Figure 1, Location Map o f  L i t t l e  Boulder Creek Molybdenum Deposit 
(Modified a f t e r  U.S.G.S. 7 1/2 Minute Topographic Map - 
Boulder Chain Lakes, Idaho)
Claims were located in  1922 by Jess Baker on several o f  the 
base and precious metal bearing, brecc ia ted quartz-chalcedony veins near 
Baker Lake the s i t e  o f  the L i t t l e  Boulder Creek molybdenum depos it.
Baker held the claims (a t  times j o i n t l y )  u n t i l  1967. He explored the 
veins and la te r  the adjacent molybdenite bearing v e in le ts  w ith  several 
prospect p i t s  and sho rt a d i ts .
Clyde Ross pioneered geolog ic work in  the area w ith  h is  1937 re p o r t ,  
"The Geology and Ore Deposits o f  the Bayhorse Region, Custer County, 
Idaho". He described the known mineral deposits ( in c lu d in g  the Baker 
prospect) and mapped the reg iona l geology on a 1:63,500 sca le .
The Molybdenum Syndicate sampled the depos it in  1939, and apparently  
concluded th a t  the grade was submarginal f o r  m in ing. S haffe r and 
Gunnell o f  the U.S. Bureau o f  Mines examined and sampled the northern 
p a r t  o f  the depos it in  1942 as pa rt  o f  the War M inerals and Defense 
Minerals Exp lora tion  A d m in is tra t ion  reports  (Tschanz and o th e rs , 1974).
A discussion o f  molybdenum deposits o f  the U.S. by Kirkemo and o th e rs , 
(1965) o u t l in e s  the geology o f  the L i t t l e  Boulder de po s it ,  and presents 
the assay re s u lts  o f  previous sampling by the U.S. Bureau o f  Mines and 
the Geological Survey. They concluded th a t  "the deposit conta ins an 
appreciable reserve averaging about 0.15 percent m olybdenite".
ASARCO optioned the claims in  1967 and began an exp lo ra t io n  p ro ­
gram in  1968. Before t h e i r  exp lo ra t io n  was c u r ta i le d ,  ASARCO workers 
de lineated a la rge  molybdenite body o f  marginal grade. Included in
ASARCO company data are a reg ional geolog ic map a t  1:24000 sca le ; 
a loca l outcrop geolog ic map a t  1:2400 scale (used as a base f o r  P la te  1 ); 
d e ta i le d  topographic mapping; induced p o la r iz a t io n  and r e s i s t i v i t y  
surveys; d r i l l  core logs; s o i l  geochemistry maps fo r  molybdenum, 
copper, lead, and z in c ;m e ta l lu rg ic a l  re p o r ts ;  geo log ic  re p o r ts ;  and 
miscellaneous weather, survey, and écologie data f o r  the depos it.
Savage (1970) evaluated the mineral p o te n t ia l o f  the Salmon River 
drainage and b r i e f l y  mentioned the L i t t l e  Boulder Creek de po s it .
Bennett (1973) studied the pe tro logy and trace  element d is t r ib u t io n  o f  
the White Cloud s tock, compared i t  to  the ad jacent Idaho b a th o l i th ,  
and concluded th a t  the White Cloud stock is  a f o r c e fu l ly  in truded la te -  
stage d i f f e r e n t ia te  o f  the Idaho b a th o l i th .  Tschanz and others (1974) 
constructed a 1:63,500 scale geolog ic map o f  the eastern h a l f  o f  the 
Sawtooth National Recreation Area (NSRA), and published considerable 
in fo rm ation on the L i t t l e  Boulder Creek (Baker Lake) depos it and many 
o ther nearby mines and prospects. The reg iona l geology, and the re s u lts  
o f  an extensive rock and stream sediment sampling program are discussed 
in  th e i r  re p o rt .
Present Study and Methods
The purpose o f  th is  study was to  in v e s t ig a te ,  describe , and 
in te rp re t  the various geolog ic parameters and o r ig in  o f  the L i t t l e  
Boulder Creek depos it.  A d e s c r ip t io n  o f  the nature o f  m in e ra l iz a t io n .
a l te r a t io n ,  rock types, s t ru c tu re ,  and the in te r re la t io n s h ip s  o f  
these is  inc luded.
During the summer o f  1976 the depos it was mapped in  d e ta i l  a t 
a scale o f  1:1200 (reduced to  1:2400 in  P la te  1 ). The ASARCO 
outcrop geologic map w ith  d e ta i le d  topography by Barton, Stoddard, 
M i lh o l l in ,  and Higgins served as the base map. Surveyed c la im  corners 
and d r i l l  hole s i te s  were used to  m ainta in  ground con tro l during 
mapping. The o r ie n ta t io n  o f  v e in le ts ,  f ra c tu re s ,  and la te -s ta g e  dikes 
and s i l l s  was recorded as mapping progressed. An extensive sampling 
program accompanied mapping, and the area was lamped a t  n ig h t  w ith  a 
sho rt wave u l t r a v io le t  l i g h t  to  examine fo r  f lu o re sce n t m inera ls .
Selected segments o f  d r i l l  core from the depos it were examined and logged.
Laboratory work included pétrographie examination o f  23 rep re­
sen ta t ive  th in  sections and several polished sec t io ns , sodium c o b a lt-  
i ni t r i t e  s ta in in g  o f  25 rock slabs f o r  potassium fe ld sp a r id e n t i f i c a t io n ,  
and use o f  a Norelco powder camera X-ray d i f f r a c t io n  u n i t  f o r  i d e n t i ­
f i c a t io n  o f  unknown m inera ls .
CHAPTER I I  
REGIONAL GEOLOGY
Recent work by several geo log is ts  has on ly  begun to unravel the
s tru c tu ra l com plex ities and s t ra t ig ra p h y  o f  the reg ion. Some o f  the
Paleozoic formations are not w e ll de fined . S tra t ig ra p h ie  c o r re la t io n  
among many u n its  is  d i f f i c u l t .  The recent mapping o f  many th ru s t  
f a u l t s ,  and the more accurate age in te rp re ta t io n  f o r  igneous plutons 
have helped to  c l a r i f y  the reg iona l geologic p ic tu re .  A generalized 
geologic map o f  the region (modified from Tschanz and o the rs , 1974)
is  presented in  Figure 2,
The nature o f  the Precambrian basement w i th in  the reg ion is  not 
known. However, a few scattered occurrences o f  a poss ib le  Precambrian 
sch is t  are reported . B io t i t e  sch is ts  o f  poss ib le  Precambrian age 
are found in  the Pioneer Mountains to  the southeast (Dover, 1969),
in  the Casto quadrangle to  the north  (Ross, 1934), on Elk Mountain
to  the northwest (Tschanz and o th e rs ,  1974), and on Thompson Peak 
to  the west (Reid, 1963). In a d d i t io n ,  s c h is t  xen o l ith s  are found 
in  the northern p a r t  o f  the White Cloud stock (Tschanz and o the rs , 
1974), in d ic a t in g  the p o s s ib i l i t y  o f  a reg iona l sch is tose basement.
The Paleozoic rocks form a cen tra l band through the reg ion as 
ind ica ted  in  Figure 2. The sediments have been compressed in to  a
series  o f  gene ra lly  north-south  trend ing  fo ld s ,  probably as a
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Explanation
A lluv ium k'-'l Dikes
m Eocene C h a l l is  Volcanics E l  S t r ik e  and Dip
1 ^ Eocene In tru s ive s E l  Magnetic Lineaments
1:4 In tru s ive s  (Age Unknown) 1 0  Major Molybdenum Deposits
m Late Cretaceous In tru s ive s E l> 1 4  ppm Mo in  Rock Samples
D Paleozoic Sediments S > 9 9  ppm W in  Rock Samples
Major Base and Precious Metal Deposits
Q> L iv ings ton  Mine -  $2,300,000 ; complex le a d -s i1 ve r-z in c
ores; in  vein and along nearby p a ra l le l  g ra n ite  porphyry 
d ike
0  Hoodoo Mine -  870,000 tons in fe r re d  reserves; average grade
is  11% z in c ,  .47% lead , and .35 oz. s i l v e r  per ton ; 
replacement depos it below reg ional unconformity
0  S i lv e r  Rule Mine -  $600,000 ; lead, s i l v e r ,  z in c ,  and copper
ore; in  veins.
® Golden Glow Mine -$1,200,000 ; s i l v e r ,  lead, and gold o re ;
in  ve ins.
<S> Germania Creek D i s t r i c t  -  $500,000 ; s i l v e r ,  lead , z in c ,
copper antimony, and gold from veins and a m inera lized  
th ru s t  brecc ia .
® Fourth o f  Ju ly  Creek D i s t r i c t  - 490,000 tons e s t.  reserves;
average 5% lead, 2% z in c ,  and .26 to 4.4 oz s i l v e r  per ton .
<Z> Galena D i s t r i c t  -  27,000 tons o f  4 oz. s i l v e r  per ton , 5%
lead; 180,000 tons o f  .4 oz. s i l v e r  per ton , and 1% lead.
®  G iant Spar Mine -  200,000 tons o f  20-30% CaF^ resources
in  ve ins.
Figure 2. Generalized Geologic Map o f  the White Cloud Region in
Central Idaho (Modified a f t e r  Tschanz and o th e rs , 1974).
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re s u l t  o f  the is o s ta t ic  r is e  o f  the Idaho b a th o l i th  to  the west.
Near sm alle r stocks the sediments have been u p l i f te d  in to  concen tr ic  
envelopes, and have lo c a l ly  undergone contact metamorphism.
The o ldes t mapped form ation w i th in  the immediate region is  the 
M il l ig e n  Formation, which is  found (Ross, 1937) in  scattered outcrops 
in  the S la te Creek area and beyond the western edge o f the White Cloud 
stock. The M il l ig e n  is  v a r io u s ly  described as a b lack , carbonaceous 
a r g i l l i t e  w ith  some q u a r tz i te  and calcareous beds plus some g ra p h it ic  
coal (Ross, 1937), and as a dark, carbonaceous, p h y l l i t i c  a r g i l l i t e  
w ith  minor che rt (Dover, 1967). The M i l l ig e n  Formation may conta in  
rocks as o ld as Late Devonian, but is  p r im a r i ly  M iss iss ipp ian  in  age 
(Tschanz and o the rs , 1974). Tschanz and others have re s t r ic te d  the 
name M il l ig e n  to  the type l i th o lo g y  in  the Wood R iver reg ion to  the 
south, and have mapped the re s t  o f  Ross's M i l l ig e n  as e i th e r  Wood 
River Formation, o r  as Devonian and M iss iss ipp ian  undivided rocks.
The only observed e f fe c ts  o f  contact metamorphism o f  the M i l l ig e n  
are r e c r y s ta l l iz a t io n  o f  the lim y beds, and minor bleaching in  some 
loca tions  (Tschanz and o th e rs , 1974).
The Wood River Formation outcrops w ide ly  throughout the reg ion , 
and is  the p r in c ip a l form ation included in  the Paleozoic sedimentary 
rock group o f  Figure 2. The Wood R iver Formation cons is ts  o f  Permian 
and Pennsylvanian calcareous sandstones and q u a r tz i te s  (Dover, 1967). 
Hall and o thers , (1974) d iv ided  the Wood R iver Formation in to  seven 
u n its .  The lowermost u n i t ,  u n i t  1, is  a l i g h t  gray, s i l ic e o u s ,  ch e rt
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or q u a r tz i te  pebble conglomerate w ith  in te rc a la te d  q u a r tz i te  and minor 
brown m ic r i te .  U n it  2 is  a medium-bedded, wh ite  and gray, fo s s i l i f e r o u s  
limestone. U n it 3 is  a th in ly -bedded , pink and gray, shaly limestone. 
U n it 4 is  a f in e  gra ined, gray, calcareous sandstone. U n it  5 is  a 
th ic k ly  bedded, f in e -g ra in e d  q u a r tz i te  and l im y  q u a r tz i te  th a t  is  
gene ra lly  h igh ly  shattered. U n it 6 is  a gray and l i g h t  brown, f i n e ­
grained calcareous sandstone w ith  in terbeds o f  sandy limestone and 
q u a r tz i te .  U n it  7 is  a dark gray che rt and sandy limestone commonly 
interbedded in  th in  bands. Rocks o f  the Wood R iver Formation are con­
ta c t  metamorphosed in to  two d i s t i n c t  c a lc - s i l i c a te  assemblages:
1) d io p s id ic  and ga rne tife rous  t a c t i t e ,  and 2) f in e  gra ined, w h ite , 
w o l la s to n i te / t re m o l i te  bearing, re c ry s ta l l iz e d  limestone.
Cretaceous and poss ib le  Cretaceous in t ru s iv e  rocks o f  the reg ion 
include those o f  the Idaho b a th o l i th ,  and the White Cloud, Horton Peak, 
and Thompson Creek stocks (F igure 2 ).  The p o rp h y r i t ic  quartz monzonite ,  
g ra n o d io r i te ,  and quartz d io r i t e  rocks o f  the eastern p a r t  o f  the A t la n ta  
lobe o f  the Idaho b a th o l i th  were emplaced during several stages about 
94 to 80 m.y. ago (Tschanz and o th e rs , 1974). Although the b a th o l i th  
is  usu a lly  mapped as a s in g le  u n i t ,  i t  is  a composite p lu ton composed 
o f  sm aller com pos it iona lly  d i f f e r e n t  phases. The eastern edge o f  the 
b a th o l i th  is  lo c a l ly  composed o f  quartz d io r i t e ;  a p l i t e  and peg­
m a tite  dikes become more numerous toward the west (Bennett, 1973).
The Late Cretaceous (Seeland, w r i t te n  communication, 1977), com­
pos ite  White Cloud stock has a cen tra l core o f  p o rp h y r i t ic  b io t i t e
n
quartz monzonite and a margin o f  s l i g h t l y  f o l ia t e d ,  b i o t i t e  quartz 
monzonite and b io t i t e  g ra n o d io r i te .  A p l i t e ,  pegmatite, and g ra n ite  
dikes and quartz v e in le ts  are extremely common along the margins o f  
the stock and extend in to  the neighboring metasediments.
The Horton Peak stock has the same l i th o lo g y  as the White Cloud 
core and may be connected w ith  the White Cloud stock a t  depth. This 
connection is  ind ica ted  by a magnetic r idge  and a few sp o ra t ic  quartz 
monzonite outcrops between the two (Tschanz and o th e rs , 1974).
The 86 m.y. o ld (Bennett, 1973) Thompson Creek s tock , a p o rp h y r i t ic  
quartz monzonite ,  may be an apophysis o f  the ad jacent Idaho b a th o l i th .  
Much o f  th is  stock is  hydrotherm ally  a lte re d  and broken by f a u l t  move­
ment.
T e r t ia ry  in t ru s iv e  rocks o f  the region inc lude those o f  the 
Sawtooth b a th o l i th ,  the Boulder Mountains and Ibex Canyon stocks, and 
numerous smaller stocks, d ikes , and s i l l s  (F igure 2 ). The 44 m.y. 
old (Armstrong, 1974) Sawtooth b a th o l i th  is  a coarse gra ined, pink 
g ra n ite  th a t  in trudes the Idaho b a th o l i th .  The potassium fe ld s p a r-  
r ic h ,  le uco c ra t ic  rock w ith  mi r o l l  t i c  c a v i t ie s  is  ty p ic a l o f  the Eocene 
in tru s iv e s  throughout the reg ion.
The Eocene Boulder Mountains stock (Tschanz and o the rs , 1974), 
in trudes C h a l l is  vo lcan ics . Paleozoic rocks, and a da c ite  porphyry.
The stock cons is ts  o f  a medium to  coarse-grained pink g ra n ite  and a 
f in e -g ra in e d , nearly  granophyric g ra n ite  (Tschanz and o the rs , 1974).
The Eocene (?) Ibex Canyon s tock , which may in tru d e  the C h a l l is
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vo lcan ics , cons is ts  o f  a l i g h t  gray to  pink quartz monzonite porphyry 
(Tschanz and o th e rs ,  1974) o r g ra n ite  porphyry (Umpleby and o the rs ,
1930). I t  contains p la g io c lase , qua rtz , and b io t i t e  phenocrysts in  
a granophyric groundmass o f  quartz and K -fe ldspar (Tschanz and o thers , 
1974).
Gray and green d ikes , stocks, and s i l l s  o f  va r ia b le  in te rm ed ia te  
c a lc -a lk a l in e  composition (termed d a c ite  porphyry by Tschanz and 
o thers , 1974) outcrop in  the Boulder Mountains and adjacent area.
Granite and rh y o l i te  porphyry stocks and dikes o f  post-Eocene age 
are very abundant in  the Ibex Canyon area to  the southeast. Numerous 
u n d if fe re n t ia te d  dikes and s i l l s  o f  in te rm ed ia te  and fe l  s ic  c a lc -  
a lk a l in e  composition outcrop throughout the reg ion , s t r ik in g  notab ly  
in  a n o rthe as te r ly  d i r e c t io n .  These are believed to  be contemporaneous 
w ith  the Eocene C h a l l is  vo lcan ics and are p a r t  o f  a reg iona l d ike  bearing 
zone known as the Idaho porphyry b e l t  (Olson, 1968; Hyndman and o the rs , 
1977).
The Eocene C h a l l is  vo lcan ics cover much o f  the reg ion , e s p e c ia l ly  
the eastern s ide . Although the C h a l l is  vo lcan ics are generalized as 
a s in g le  u n i t  in  Figure 2, they are a c tu a l ly  a complex series  o f  in t e r ­
f in g e r in g  f low s , ig n im b r i te s ,  t u f f s ,  and breccias o f  in te rm ed ia te  
composition. They were extruded over a h ig h ly  d issected topographic 
high from numerous vo lcan ic  cen te rs . The C h a l l is  vo lcan ics have been 
dated (whole rock K-Ar) as 49.2 + 1.8 m.y. to  43.8 + 1.0 m.y.
(Armstrong, 1974).
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Very l i t t l e  d e ta i le d  data e x is ts  on the reg iona l s t ru c tu re .
However, some te n ta t iv e  ge ne ra liza t ions  can be made. The aeromagnetic 
lineaments in  Figure 2 (from Tschanz and o the rs , 1974) have been in ­
te rp re ted  as long, deep-seated fa u l ts  which may extend in to  the base­
ment. Repetit ions o f  u n i ts ,  l in e a r  con tac ts , f a u l t  scarps, a ligned 
drainage pa tte rns , and m ylon ite  and breccia zones provide f i e l d  evidence 
in  support o f  the existence o f  h igh-angle fa u l ts  along these lineaments. 
Other high-angle fa u l ts  w ith  various trends may be re la te d  to  Cre­
taceous and Eocene igneous a c t i v i t y .
A la rge  number o f  sm a ll,  high angle fa u l t s  in  the region appear 
to be T e r t ia ry  in  age and o ften  have a n o rth e a s te r ly  s t r ik e .  These 
younger fa u l ts  may re s u l t  from tension produced by e a r ly  T e r t ia ry  
arch ing. A northeast arching trend was suggested by Ross (1934) 
fo r  the Casto Quadrangle to  the no rth ,  by Anderson (1947) f o r  the 
Stanley area to the west, and by Olson (1968) f o r  much o f  cen tra l 
Idaho.
In the southern pa rt  o f  the reg ion , in  the Boulder and Pioneer 
Mountains, several im brica te  th ru s t  fa u l t s  in vo lv in g  Paleozoic 
sediments have been mapped (Dover, 1967; Tschanz and o thers , 1974).
A large north-south trend ing  th ru s t  f a u l t  was mapped by Kern in  the 
sediments north o f  the White Cloud Stock. More th ru s t  fa u l t s  w i l l  
probably be discovered along the band o f  Paleozoic sediments. The 
d ire c t io n  o f  o ve rth ru s t in g  is  o ften  west to  east w ith  the upper p la te  
on the west or southwest. Movement may have been generated by the
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i s o s ta t ic  r is e  o f  the Idaho b a th o l i th  to  the west, and g ra v i ty  s l id in g  
o f  sediment sheets to  the east. The o r ie n ta t io n  o f  th ru s t  f a u l t s  and 
fo ld s  was complicated by T e r t ia ry  igneous a c t i v i t y .
Ore Deposits
The to ta l  metal production from the reg ion shown in  Figure 2 
has been about $5 m i l l io n .  The p o te n t ia l value o f newly discovered 
molybdenum and z inc deposits is  several hundred times g re a te r.  Ore 
deposits w i th in  the reg ion inc lude : 1) high temperature molybdenum 
and tungsten deposits w i th in  quartz v e in le t  systems in  plutons or 
adjacent metamorphic ha los, or sometimes disseminated in  metamorphic 
halos; 2) low and medium temperature lead, z in c ,  s i l v e r  and o ther 
metal bearing veins in  Paleozoic sediments near igneous p lu tons , and 
w ith in  the p lu tons; 3) z in c ,  lead, and s i l v e r  bearing hydrothermal 
replacement deposits in  sedimentary rocks; and 4) p lacer deposits  o f  
gold and heavy "b lack sand" metals. There are no reported syngenetic 
metal deposits w i th in  the reg ion , desp ite  t h e i r  occurrence in  nearby 
regions.
The higher temperature (g re a te r  than 300°C) molybdenum deposits 
show promise o f  being the most va luable deposits  in  the reg ion . The 
L i t t l e  Boulder Creek and the Thompson Creek deposits  each have 
molybdenite reserves o f  more than 100 m i l l io n  tons. Other deposits 
( in c lu d in g  the Walton prospect and deposits  in  the Sawtooth Range) 
may a lso have la rge reserves (F igure 2 ). Molybdenite deposits  are 
re la te d  to  both Cretaceous and Eocene plutons w i th in  the reg ion .
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Tungsten Is usu a lly  associated w ith  the molybdenite depos its . 
S chee lite  is  found in  trace  q u a n t i t ie s  a t  L i t t l e  Boulder Creek, and 
in  greate r q u a n t i t ie s  in  veins a t  the Red Robin and Washington Basin 
prospects ju s t  a few m iles southwest (F igure 2 ). S chee lite  is  a lso 
found in  economic q u a n t i t ie s  w ith  molybdenite on Peach Creek, and 
disseminated in  a t a c t i t e  a t  the lira depos it (F igure 2 ). The loca t ions  
o f  anomalous values o f  molybdenum and tungsten as ind ica ted  by U.S. 
Geologic Survey sampling (Tschanz and o th e rs ,  1974) are shown in  
Figure 2.
The z in c ,  lead, and s i l v e r  replacement type deposits are found in  
the S la te and M i l l  Creek drainages to  the north  o f  the White Cloud 
stock. The replaced sediments are a r g i l l i t e s  o f  the M i l l ig e n  Formation 
below the unconformity a t  the base o f  the Wood R iver Formation.
Gold placers occur in  the Stanley Basin and along the Salmon R iver 
and i t s  t r ib u ta r ie s .  Small black sand placers con ta in ing  niobium, 
tantalum, uranium, thorium , t i ta n iu m , i lm e n ite ,  sphene, m agnetite , 
z irco n , and garnet are found in  streams d ra in ing  the Idaho b a th o l i th  
and s im i la r  rocks.
CHAPTER I I I  
LOCAL GEOLOGY
Topography and Exposure
The molybdenum deposit is  located near the headwaters o f  L i t t l e  
Boulder Creek a t  an e leva tion  o f  from 8500 f t .  to  9400 f t .  A de­
ta i le d  topographic base w ith  10 fo o t  contour in te rv a ls  is  given in  
P la te 1. Much o f  the topographic r e l i e f  is  a r e s u l t  o f  P le istocene 
and Recent a lp ine  g la c ia t io n .  The h igher peaks to  the west have been 
sculpted in to  m a jes tic  tarns and a re tes. D a ily  rock f a l l s  are e v i ­
dence th a t  much o f  the quartz monzonite is  re s t in g  a t i t s  maximum 
angle o f  repose. G lac iers carved the Boulder Chain Lakes basin to  
the north  o f  the depos it,  and the hanging S lickens ide  Creek drainage 
to the west (F igure 1). A la rge  g la c ie r  a lso trave led  down the 
eastern side o f  Castle Peak and carved the upper p a r t  o f  the L i t t l e  
Boulder Creek drainage. S t r ia t io n s  and g la c ia l  p o lish in g  are found in  
the rocks along the c l i f f s  between Castle Lake and Baker Lake. S licken ­
side Creek takes i t s  name from the prominant g la c ia l  s t r ia e  which remain 
in  the quartz monzonite along the sides o f  th is  U-shaped v a l le y .
Most o f  the loca l lakes were carved by g la c ie rs  during several ad­
vances and re t re a ts .  Baker Lake is  the exception; i t  was probably 
formed as a r e s u l t  o f  damming by C h a l l is  vo lcan ic  flows and g la c ia l  
t i l l .  G lac ia l t i l l  was deposited along v a l le y  bottoms and margins,
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and is  conspicuous south o f  Baker Lake, where i t  forms a hummocky 
surface w ith  poor drainage.
Subalpine vegeta tion gives moderate cover to  the area below about 
9500 fe e t .  Northern slopes in  the Baker Lake area are more h igh ly  
vegetated and a f fo rd  fewer outcrops. In general the areas underla in  
by C h a l l is  vo lcan ics have th ic k  s o i ls  and dense vegeta tive  cover. The 
area north o f  the depos it is  covered by a la rge  boulder ta lu s  p i le  
(F igure 3 ). Outcrops are the re fo re  l im ite d  to  about 35 percent o f  
the mapped area (P la te  1).
The molybdenite depos it is  d iv ided  in to  two zones: 1) the area
northeast o f  Baker Lake, in c lu d in g  the main ore body, is  c a l le d  the 
North Zone, and 2) the area southeast o f  Baker Lake, inc lud ing  the 
southern ore extension, is  ca l le d  the South Zone (ASARCO, 1970;
Tschanz and o the rs , 1974). The lo ca t io ns  o f  both zones are shown in  
Figure 1.
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Figure 3, Boulder Talus North o f North Zone
View look ing south toward Castle Peak,
CHAPTER IV 
ROCK UNITS
Wood R iver Formation (?)
The metamorphosed Paleozoic t a c t i t e s ,  c a lc - s i l i c a te s ,  q u a r tz i te s ,  
and marbles which outcrop in  a narrow band along the eastern margin 
o f  the White Cloud stock are probably pa rt  o f  the Wood R iver For­
mation (P la te  1). Ross (1937) mapped these rocks as Wood R iver For­
mation, but Tschanz and others (1974) mapped the same rocks as 
"Paleozoic rocks und iv ided". A l l  o f  the Paleozoic sediments in  the 
map area have been contact metamorphosed to  some degree, making 
s t ra t ig ra p h ie  c o r re la t io n  d i f f i c u l t .  Tschanz and others (1974) 
d id  observe dark gray " a r g i l l i t e s "  in  the a re te  immediately south o f  
the South Zone (F igure 1 ), which "may" belong to  the uppermost u n i t  
in  the Wood River Formation. The underly ing t a c t i t e s ,  c a lc - s i l i c a te s ,  
and q u a r tz ite s  are probably pa rt  o f  the Wood R iver Formation a lso .
The Paleozoic sediments in  the mapped area (P la te  1) may be meta­
morphosed equiva lents  o f  u n i t  5 o f  the Wood R iver Formation as mapped 
by Hall and others (1974).
No fo s s i l  evidence in  support o f  a p a r t ic u la r  age has been found, 
however, some h igh ly  deformed fu s i 1 i nids (?) were observed in  the c a lc -  
s i l  ica tes  (Pwu) along c l i f f  w a lls  east o f  Castle Lake.
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The Wood R iver Formation (?) sediments outcrop in  a d iscontinuous 
band along the margin o f  the White Cloud s tock , w ith  moderate f r e ­
quency northeast o f  Baker Lake ( in  the North Zone), and sparse ly south 
o f  Baker Lake ( in  the South Zone) (F igure 3 ). F ine, erosion-etched 
lamellae mark bedding planes in  the metasediments. The beds adjacent 
to the White Cloud stock s t r ik e  p a ra l le l  w ith  the con tac t,  about 
N 15° to 20° E, and d ip s teep ly  to  the east (F igure 4 ) .  The beds in  
the North Zone s t r ik e  N 20° E to  N 10° W, d ip  s teep ly  west, and tend 
to wrap around the adjacent igneous mass. The beds in  the South Zone 
s t r ik e  gene ra lly  N 15°E to N 35°E, and d ip  moderately to s teep ly  east. 
The to ta l  exposed th ickness o f  metasediments is  nearly  300 m (about 
1000 fe e t)  in  the North Zone (P la te  2 ).
Subdivisions o f  the Wood R iver Formation (? ) ,  based on mappable 
changes in  m ineralogy, te x tu re ,  and metamorphic grade are shown in  
Plates 1 and 2. These subd iv is ions are:
P y r i t ic  ho rn fe ls  (Pwh) The p y r i t i c  ho rn fe ls  u n i t  is  a b lack , meta­
morphosed, calcareous shale which outcrops in  a narrow band along the 
f a u l t  scarp (P la te  1). Sharp in te r f in g e r in g  contacts w ith  the white 
c a lc -q u a r tz i te s  occur on both sides o f  the 3 to 4 meter wide u n i t .
The ho rn fe ls  is  composed o f  f in e ,  b lack , a rg i l la ce o u s  and carbonaceous 
m ateria l w ith  less than 10 percent carbonate (F igure 6 ).  A few angular 
honey-brown q u a r tz i te  o r che rt fragments are enclosed in  the rock. Fine 
p y r i te  coats fra c tu re s  and encrusts the q u a r tz i te  fragments in  the 
" s t ra in  shadows".
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Figure 4. Oblique View o f  L i t t l e  Boulder Creek Deposit
View looking northeast o f  North Zone (NZ) and South 
Zone (SZ). Representative rock types are : Wood R iver For­
mation (Pw), White Cloud Stock (Kqm), and C h a l l is  Volcanics (Tcv)
Figure 5. White Cloud Stock and Adjacent Metasediments
View look ing west o f  Baker Lake. C l i f f  is  scarp along 
L i t t l e  Boulder Creek F au lt .
22
This u n i t  c lo se ly  resembles rocks o f  the M il l ig e n  Formation, 
which also commonly conta in  very f in e -g ra in e d  disseminated p y r i te ,  
and f in e  to  medium-grained p y r i te  coating f ra c tu re s .  The p y r i te  is  
probably au th igen ic  because i t  is  confined to the ho rn fe ls  u n i t .  The 
mineralogy and g ra in  s ize  o f  the ho rn fe ls  in d ica tes  probable depos it ion  
in  a reducing environment adequate fo r  the depos it ion  o f  p y r i te .  During 
subsequent metamorphism the p y r i te  was remobolized and deposited in  
fra c tu re s  and around breccia fragments.
Wood River Formation u n d i f fe re n t ia te d  (Pwu) This u n i t  includes c a lc -  
s i l  ic a te s ,  c a lc -q u a r tz i te s ,  q u a r tz i te s ,  and marbles w ith  gene ra lly  a 
white to  gray c o lo r  in hand sample. The d is t in c t iv e  l i g h t  co lo r  o f  
these rocks is  a t t r ib u te d  to metasomatic "b lea ch ing ", the formation 
o f  new l i g h t  colored m inerals during metamorphism.
Rocks along the c l i f f s  adjacent to the main stock (P la te  1 and 
Figure 5) are p r im a r i ly  w o l la s to n ite  and t re m o l i te  bearing ca lc -  
s i l  ic a te s ,  although q u a r tz ite s  are in te rc a la te d  north  o f  Baker Lake.
The c a lc - s i l i c a te  beds are very th in  (1 cm) to  medium ( .5  m), and there 
is  a strong tendency fo r  p a r t in g  along f o l i a t io n  planes. Both f o l i a t io n  
and bedding p a ra l le l  the con tac t, and breakage along partings has 
resu lted  in  extensive ta lu s  p i le s  a t  the bottom o f  the steep d ip  slopes, 
and f a u l t  scarps. M icroscopic examination o f  the c a lc - s i l i c a te s  reveals 
quartz and d iopside porphyroblasts enclosed in  a fo l ia te d  m a tr ix  o f  
very f in e  w o l la s to n i te ,  t re m o l i te ,  qua rtz , d iops ide , c a lc i t e ,  and sphene 
The w o lla s to n ite  and t re m o l i te  la th s  wrap around the porphyroblasts 
(F igure 7).
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Table 1, Chemical Analys is o f  Rocks in  L i t t l e  Boulder Creek R e g io n  
*Semiqu an t it a t iv e  A na lys is ; a l l  u n its  ppm unless otherwise 
noted, ( a f te r  Tschanz and o the rs , 1974; Bennett, 1973)
Element
White
Cloud
Stock
Idaho
Bath.
Qtz Monzonite 
o f  Eastern 
Apophysics 
w ith  Qtz Vein- 
le ts  (1 sample)
Quartz-
Chalcedony
Breccia
Veins
(3 samples)
Diopside-Rich 
T a c t i te  o f  
North Zone 
(3 samples)
Au .02 .02-3.5 .02
Ag — — — — .2 1 .0 -9 .0 .2
*As — — — — 200 200-2000 200
Sb — — ------- 1 10-60 1
Cu 10-15 10-15 5 10-150 5-35
Pb 10 30 10 500-1000 5
Zn ^10 10 25 25-750 20-100
*Sn — "  — 10 10-50 10
*Be — — — — — — 3 1-2 1-2
*Mo — — — — — — 150 5-2000 10-300
W — ------- — — — 20 20+ 20-80
*Zi — — — — ------- 100 10-20 100-150
*Fe 1.0-1.5% 3.0% 3% .20-1.0% 1.0-3.0%
*Mg .3% 1.0-1.5% .70% .02-.10% .20-1.5%
*Ca 700 700 200 30-100 150-700
*Mn 150 500-700 1000 15-20 200-1500
*Sr 500 700 100 100 100-500
*Ti .10% .30% .070% .005-.050% .070%
24
Figure 6. P y r i t i c  Hornfels
Extremely f in e  grained black ho rn fe ls  w ith  fragments 
o f  q u a r tz i te  ( l i g h t  c o lo r ) .  Fractures are l ined  w ith  
p y r i te  (Py). Sample is  20 cm in  length .
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Q uartz ites  and c a lc -q u a r tz i te s  are found in te rc a la te d  w ith  the 
c a lc - s i l i c a te s  along the c l i f f s  west o f  Baker Lake, north  o f  the 
North Zone, and in  the South Zone. The massive q u a r tz i te s  are w h ite , 
gray, and l i g h t  brown. The rocks conta in  a trace  o f  p y r i te  and minor 
iron -ox ide  s ta in in g .  The q u a r tz ite s  and c a lc -q u a r tz i te s  are composed 
o f very f in e -g ra in e d ,  re c ry s ta l l iz e d  quartz (60-95%), c a lc i t e  (0-20%), 
d iopside (0-10%), hornblende (0-10%), c h lo r i te  (0-6%), and trace  
amounts o f  p y r i te ,  t re m o l i te ,  garnet, ep ido te , and sphene. C la s t ic  
tex tu res have been destroyed by r e c r y s ta l l iz a t io n .  Fine bedding 
lamellae con s is t in g  o f  q u a r tz - r ic h  layers and c a lc i t e - r i c h  layers  were 
noted. The q u a r tz ite s  in  the South Zone have p a r t ic u la r ly  conspicuous 
a l te rn a t in g  brown and wh ite  lamellae.
The marbles are found on the southeastern margin o f  the South Zone 
The white marbles cons is t o f  coarse ly c r y s ta l l in e  c a lc i t e  (90-99%), 
and minor iro n  oxides and c lays coating gra ins and l in in g  f ra c tu re s .  
Large brown chert fragments are found in  a marble breccia along cross 
section C - C  (P la te  2 ).
Ferruginous breccia (Pwf) The fe rrug inous brecc ia  cons is ts  o f  
breccia ted q u a r tz i te  fragments in  a dark red-brown s i l i c a  cement. The 
rock fragments and the m atr ix  are h ig h ly  corroded and sta ined by 
hematite and l im o n ite  (F igure 8 ) .  The angular to  subangular fragments 
vary in  s ize from 1 to  5 cm.
The fe rm g  inous breccia forms a l in e a r  outcrop band in  a no rth - 
south d i re c t io n  ju s t  east o f  Castle Lake. A l l  o f  the outcrops are
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Figure 7. Photomicrograph o f  Wood R iver Formation (?) 
U n d if fe re n t ia te d
Porphyroblastic  c a lc - s i l i c a te  rock from Pwu u n i t  west 
o f  Baker Lake. Porphyroblasts o f  d iopside (A ), and quartz
(B), surrounded by fo l ia te d  t re m o l i te ,  w o l la s to n ite ,  c a lc i t e ,  
and quartz m atrix  (C).
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confined to  a s in g le  stream g u l ly .  The adjacent sediments on both 
sides o f  the breccia are f in e -g ra in e d ,  white  and brown, banded q u a rt­
z i te s  (Pwu). Many o f  the q u a r tz i te s  on the western edge o f  the 
breccia zone have been crushed in to  a w h ite  m y lon ite . S lickensides 
are a lso found on the margins o f  the breccia zone.
The absence o f  sedimentary s t ru c tu re s ,  the l in e a r  outcrop 
pa tte rn , and the adjacent m ylon ite  zone suggest th a t  the ferrugenous 
breccia was produced by f a u l t  movement. C irc u la t in g  f lu id s  in  the 
brecciated zone deposited iro n  oxides derived from the breakdown o f  
p y r i te .  The f lu id s  a lso corroded the breccia fragments. Erosion o f  
the less ré s is te n t  breccia zone created a l in e a r  drainage channel. 
Banded t a c t i t e  (Pwb) The massive banded t a c t i t e  u n i t  is  characterized 
by fo re s t  green d io p s id e -r ic h  bands tran sec t in g  a w h ite ,  q u a r tz - r ic h  
t a c t i t e  (F igure 9 ). The green bands are o f  two types: f ra c tu re -
con tro lle d  and bedding c o n tro l le d .  Both types o f  banding are q u ite  
narrow ( less than 2 cm), and have margins which grade a b ru p t ly  (w ith in  
.1 to  1 cm). The green bands de rive  t h e i r  c o lo r  from the dark 
m inera ls: d iops ide , c h lo r i t e ,  and hornblende plus minor ep ido te , 
andradite garnet, g e o th ite ,  and sphene. These dark m inerals compose 
20-60 percent o f  the bands, and 5-20 percent o f  the m a tr ix .  The 
remaining po rt ion  o f  the dark bands and the m a jo r i ty  o f  the w h ite  
m atr ix  is  composed o f  qu a rtz ,  o r th oc la se , c a lc i t e ,  t re m o l i te ,  and 
p lag ioc lase . The banded t a c t i t e  is  very b r i t t l e  ( l i k e  a m etaquartz ite  
which i t  resembles), and grades in to  the next subun it ,  q u a r tz - r ic h  
t a c t i t e .
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Figure 8. Ferrugenous Breccia (Pwf) Sample is  13 cm in  length
Figure 9. Banded T a c t i te  (Pwb) Dark green d io p s id e - r ic h  
metasomatism on f ra c tu re  margins. M atr ix  is  
q u a r tz - r ic h  t a c t i t e .  Sample is  10 cm wide.
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Q uartz -r ich  t a c t i t e  (Pwq) The q u a r tz - r ic h  t a c t i t e  is  a pale green, 
very f in e  grained c a lc - s i l i c a te  which occurs in  a t r a n s i t io n  zone 
between the banded t a c t i t e  and d io p s id e -r ic h  t a c t i t e  (P la te  1).
I t  is  composed o f  quartz (40-70%), d iopside (10-60%) orthoc lase (0-10%), 
hornblende (0-5%), c a lc i t e  (0-5%), and trace  sphene, garnet, c h lo r i te ,  
ep ido te , molybdenite, and sc h e e l i te .  The un ifo rm ly  f in e  anhedral 
and subhedral grains have an in te r lo c k in g  te x tu re  in d ic a t iv e  o f  re ­
c rys ta l l i z a t io n .  The exposed surfaces o f  th is  u n i t ,  due to  weathering 
o f  the ferromagnesian m inera ls , are sta ined redd ish -pu rp le . The 
q u a r tz - r ic h  t a c t i t e  is  massive and a lso b r i t t l e  l i k e  a m etaquartz ite . 
D iops ide -r ich  t a c t i t e  (Pwd) The d io p s id e - r ic h  t a c t i t e  is  a f in e  to 
medium-grained c a lc - s i l i c a te  characterized by a high d iops ide content 
and dark co lo r  (Figures 10 and 11). Rocks o f  th is  subunit are found in  
the contact zone o f cross c u t t in g  s i l l s ,  d ikes , and v e in le ts .  The 
d io p s id e -r ic h  ta c t i t e s  develop in  close p ro x im ity  to  the stock and re ­
la ted  dikes and s i l l s .  Compositional and te x tu ra l  d if fe ren ces  between 
the metasediments and in tru s iv e s  are erased by d i f fu s io n  across the 
contacts. The compositional range o f  the d io p s id e -r ic h  ta c t i te s  is  
diopside (40-100%), quartz (0-50%), o rthoc lase (0-40%), p lag ioc lase  
(0-10%), hornblende (0-15%), p y r i te  (0-5%), sphene (0-5%), garnet 
(0-50%), epidote (0-5%), c h lo r i t e  (0-10%), and trace  c a lc i t e ,  b i o t i t e ,  
t re m o l i te ,  a c t in o l i t e ,  molybdenite, s c h e e l i te ,  and a p a t i te  (F igure 12).
a
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Figure 10. Wood River Formation(?) Metasediments In North Zone
View look ing northeast along s t r ik e  o f  beds. Change In 
metamorphic fac ies  Is grada tiona l over sho rt In te rv a l (a few 
meters) around contact l in e .  Arrow Ind ica tes  d ip  o f bedding.
Mo
Figure 11. D iop s ide -r ich  T a c t i te  (Pwd)
Rock Is cu t by numerous p y r i te  and molybdenite (Mo) 
bearing quartz v e in le ts ,  A la rg e ,  la te  vein Is  zoned w ith  
orthoclase (Or) margins and a quartz  (Qtz) cen te r. Sample Is 
17 cm In length .
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Figure 12. Photomicrograph o f  D iop s ide -r ich  T a c t i te  in  Contact 
Zone
Megacrysts o f  p lag ioc lase  and orthoc lase  are enclosed in  a 
f in e  grained m atr ix  o f  qua rtz , d iops ide , and o rthoc lase . Plagio- 
clase megacrysts (A) are broken, a l te re d ,  and show o s c i l la to r y  
z o n in g M a g n i f ie d  X 10.________ _____________
__________________________________________________ . # a  : ______
Figure 13. Photomicrograph o f  Qtz Monzonite in  White Cloud Stock
Medium gra ined, hypidiomorphic g ranu la r te x tu re .  M inerals 
are quartz (A ), o rthoc lase  (B ), b i o t i t e  (C),and myrmekite (D). 
Magnified X 10, Crossed N icho ls .
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Garnet r ic h  zones tend to occur toward the ou ter margin o f  the 
d io p s id e -r ich  t a c t i t e ;  more fe ldspa r r ic h  zones tend to  occur c lose r 
to  the con tact. Pervasive s i l i c i f i c a t i o n  and f in e  quartz ve in ing 
are found commonly throughout the subun it.
In te rp re ta t io n s  On the whole, the Wood R iver sediments appear to  
have been q u ite  uniform in  composition and tex tu re  p r io r  to  meta- 
morphism. V a ria t ions  due to metamorphic grade are the primary 
d iffe rences in  the subd iv is ions . The sediments were o r ig in a l l y  f in e ­
gra ined, calcareous q u a r tz i te s ,  o r th o q u a r tz i te s , and sandy limestones. 
The sediments were p h y s ic a l ly  and chem ica lly  w e ll-s o r te d  w ith  few 
a rg il laceous  or l i t h i c  contaminants. The s t r ik e  o f  the beds is  ra th e r 
cons is ten t,  and changes in  d ip  are probably due to  s l ig h t  d if fe rences  
in the angle o f  s teep ly  d ipp ing contacts (w ith  which the bedding is  
conformable), and do not represent a t ig h t  syn c l in a l fo ld .  The sed i­
ments were apparently u p l i f t e d  in to  s teep ly  d ipp in g , conformable 
envelopes by in tru s io n  o f  the White Cloud stock. The subsequent 
f ra c tu r in g  and metamorphism o f  the sediments w i l l  be discussed la te r .
White Cloud Stock
Main Stock. The White Cloud stock was considered to  be, on the 
basis o f  the surrounding steep magnetic g ra d ien ts . Eocene in  age 
(Tschanz and o the rs , 1974). Seeland (w r i t te n  communication, 1977) 
obtained a K-Ar date on the b io t i t e  in  the stock o f  83.6 + 2.8 m.y.
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This date corresponds w ith  K-Ar dates o f  79.4 + 1.6 m.y. to 94.5 
+ 1.9 m.y. f o r  the Idaho b a th o l i th  to  the west (Bennett, 1973), 
and a date o f  85.9 + 3.0 m.y. fo r  the com pos it iona lly  and te x tu r a l ly  
s im i la r  Thompson Creek stock to  the north (H a l l ,  W. E . , w r i t te n  
communication, 1977). A few k ilom eters north  o f  L i t t l e  Boulder Creek, 
Marvin and others (1973) dated vein molybdenite m in e ra l iz a t io n  in  the 
metasediments on the eastern White Cloud stock margin a t  86-87 m.y.
In c o n tra s t,  Armstrong (1978) obtained a whole rock, K-Ar date on the 
m inera lized metasediments o f  the North Zone o f  61.5 m.y. The White 
Cloud stock is  probably Late Cretaceous in  age, and associated d i f ­
fe re n t ia te  in t ru s io n s ,  ve in ing , and hydrothermal a l te ra t io n  may have 
continued in to  the Paleocene.
The White Cloud stock is  roughly 78 square k ilom eters (30 square 
m iles) in  to ta l  area. The stock has gene ra lly  concordant (but lo c a l ly  
d iscordant) contacts w ith  the Wood R iver (?) metasediments along the 
eastern margin. The contact between the stock and adjacent metasedi­
ments is  very steep as ind ica ted  in  outcrop and in  d r i l l  holes (P la te  2 ). 
The eastern contact is  a lso  marked by a 30 meters wide zone o f  cross 
c u t t in g  s i l l s ,  d ikes , and metasediments.
The White Cloud stock is  a composite p lu ton con s is t in g  o f  a por- 
p h y r i t ic  quartz monzonite core surrounded by a narrow (approx. 30 m 
wide) fo l ia te d  quartz monzonite and g ra n o d io r i te  margin. The d is t in c t io n  
between the core and margin, g rada tiona l over 100 m, is  based on a decrease 
in  megacrysts and an increase in  b io t i t e  content and f o l i a t io n .
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P o rp h y r i t ic  Core. The s l i g h t l y  to  moderately p o rp h y r i t lc  quartz 
monzonite contains pink and white  potassium fe ld spa r megacrysts from 
2 to  10 cm in  length in  a speckled w h ite  to  l i g h t  gray m a tr ix .  The 
rock contains potassium fe ld sp a r (30-45%), p lag ioc lase  fe ld spa r 
(25-50%), quartz (20-40%), b io t i t e  ( less  than 5%), and trace  amounts 
o f  sphene, p y r i te ,  z irc o n , a p a t i te ,  molybdenite, and s c h e e l i te .  The 
euhedral and subhedral o rthoc lase megacrysts are commonly p e r t h i t i c ,  
and conta in numerous f in e  anhedral p o lk i lo b la s ts  o f  quartz , p lag io c lase , 
b io t i t e ,  and euhedral p y r i te .  The megacrysts o fte n  have narrow white  
a lb i te  rims and i r r e g u la r  embayed margins. The potassium fe ldspa r 
in  the m atr ix  is  dominantly subhedral to  anhedral p e r t h i t i c  o rthoc lase , 
but minor m ic roc line  is  a lso present. Myrmekite inc lu s ion s  o f  quartz 
are common in  the orthoc lase (F igure 13). Most o f  the o rthoc lase gra ins 
are fra c tu re d .
A l l  o f  the p lag ioc lase  is  w i th in  the o l ig o c la se  (An20-30^ f i e l d .  
Most o f the o l ig oc la se  forms coarse to  f in e  (1-10 mm) subhedral to  
euhedral prisms which show some f in e  o s c i l la to r y  zoning. Most o f  the 
p lag ioc lase gra ins show a uniform  composition from centers to  margins, 
but a few gra ins are rimmed by a lb i t e .  Fine p o ik i lo b la s t ic  inc lus ions  
in  the p lag ioc lase inc lude qu a rtz , o rthoc lase , b i o t i t e ,  and p y r i te .
Some p lag ioc lase gra ins are cu t by p a ra l le l  m ic ro fra c tu re s . The small 
euhderal quartz gra ins f re q u e n t ly  show undulose e x t in c t io n  and are 
also f re q u e n t ly  cu t by t in y  f ra c tu re s .  The p leochro ic  brown b io t i t e
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f lakes  are somewhat sm alle r than the fe ld sp a rs , but la rg e r  than the 
quartz g ra ins . These flakes  are anhedral w ith  ragged edges.
Fo lia ted  Margin, The composition o f  the marginal quartz mon­
zon ite  is  s im i la r  to the p o rp h y r i t ic  quartz monzonite core except there 
is  an increase in  p lag ioc lase  (35-60%), b io t i t e  (5-10%) and a decrease 
in  quartz and orthoc lase . The c h a ra c te r is t ic  b io t i t e  f o l i a t io n  
p a ra l le ls  the contact margin o f  the stock. The fo l ia te d  marginal rocks 
otherwise show the same tex tu res  and a l te ra t io n  as observed in  the 
p o rp h y r i t ic  quartz monzonite core.
Weathering o f  main s to ck . The p o rp h y r i t ic  quartz monzonite west 
o f  Baker Lake appears q u ite  fresh in  hand specimen probably as a re s u lt  
o f  recent g la c ia l  exposure. In th in  sec t io n , however, b io t i t e  is  
in c ip ie n t ly  a lte re d  to narrow c h lo r i te  r im s, and p lag ioc lase  and o r th o ­
clase gra ins are very s l i g h t l y  a lte re d  to  c lays and f in e  w h ite  mica 
( s e r ic i te ? )  along the m ic ro fra c tu res . The p o ik i lo b la s ts  o f  p y r i te  are 
almost completely ox id ized to  l im o n ite  and g e o th ite .
Eastern segment. The quartz monzonite which outcrops northeast o f
Baker Lake is  compositional 1y and t e x tu r a l ly  very s im i la r  to  the main 
White Cloud s tock, and is  probably a f a u l t  d isp laced segment o f  the 
stock (F igure 14). Common p e tro lo g ic  c h a ra c te r is t ic s  between the main
White Cloud stock and th is  eastern extension inc lude : twinned pink and
white orthoc lase megacrysts in  a medium grained m a tr ix ,  p o l k i l l  t i c  
in c lu s io n s , myrmekitic te x tu re s , and o s c i l la t o r y  zoning.
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Figure 14. Quartz Monzonite o f  Eastern Stock Segment.
Note p o rp h y r i t ic  te x tu re  o f  the rock and the la rge orthoclase 
phenocrysts (C). The quartz monzonite is  transected by several 
a p l i te  and pegmatite (B) dikes and la te r  iro n  oxide l ined  fra c tu re s  (A)
Figure 15. Photomicrograph o f  Quartz Monzonite o f  Eastern Segment.
Note ragged wh ite  a lb i t e  rims (A) on o rthoc lase , o s c i l la to r y  
zoning in  p lag ioc lase  (B ), and s l ig h t  c h lo r i t i z a t io n  o f  b io t i t e  (C) 
Mag. X 10; Crossed N icho ls .
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The eastern extension rocks a re , however, more ex tens ive ly  a lte re d  
and show more in d ic a t io n  o f  s t ra in  and f ra c tu re  than the rocks o f  the 
main stock (F igure 15). The eastern extension rocks are heav ily  
sta ined by iro n  oxides released during weathering, and both the o l ig oc la se  
and orthoclase show s tro n g ly  corroded rims and n ic ro f ra c tu re s .  A l ­
te ra t io n  products inc lude clays and minor f in e  white mica. The quartz 
and fe ldspa r gra ins in  these rocks are more severely broken and undulose 
e x t in c t io n  is  more prominent.
In te rp re ta t io n s  The White Cloud stock may be a la te  stage d i f f e r e n t ia te  
o f  the la rg e r  Idaho b a th o l i th  8 km to the west as suggested by Bennett 
(1973). The stock appears to  be s l i g h t l y  younger and com pos it iona lly  
more fe l  s ic  than the b a th o l i th .  Samples from the stock are un ifo rm ly  
low in  mafic m inerals and e a r ly  f ra c t io n a te d  trace elements (Table 1). 
Bennett a lso found the trace  element chemistry o f  the White Cloud stock 
comparable to  th a t  o f  a p l i te s  and pegmatites in  the neighboring b a th o l i th .
Evidence in d ica tes  the White Cloud stock s o l id i f ie d  a t  a depth 
grea te r than 5 km (3 m ile s ) .  The stock has many c h a ra c te r is t ic s  
(Buddington, 1959) o f  shallow rnesozone formation in c lu d in g : 1) Con­
tac ts  w ith  the metasediments are p r im a r i ly  concordant. 2) Contacts are 
lo c a l ly  g ra d a t io n a l.  3) There are no re la ted  vo lcan ic  rocks in  the 
area. 4) Well-developed contact metamorphic aureoles are present.
5) Steep planar f o l i a t i o n  occurs in  a 100 fe e t  wide zone p a ra l le l  w ith  
the stock margins. 6) M ia r o l i t i c  c a v i t ie s  are absent. 7) Pegmatite 
and a p l i t e  dikes are abundant. 8) There are two fe ldspars present in
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the rock (subsolvus). However, the steep magnetic g ra d ie n t,  
abundance o f  v e in le ts ,  p o rp h y r i t ic  character o f  the s tock , and presence 
o f  w o l la s to n ite  in  the contact ha lo , suggest th a t  the p lu ton was 
in truded to a high c ru s ta l le v e l .
The eastern stock extension may be a f a u l t  d isp laced segment o f  
the main s tock, o r  i t  may be a la te r  d i f f e r e n t ia te  in t ru s io n .  The 
Paleocene age fo r  the North Zone contact metamorphism (Armstrong, 1978) 
may be due to the thermal metamorphism by the eastern segment, o r the 
age may be due to p a r t ia l  re s e t t in g  by la te  hydrothermal emanations o r 
the C h a ll is  vo lcan ic  event. The bent and broken gra ins in d ica te  s tress 
which would be expected in  the s o l id  upper and ou te r margins o f  a r is in g  
stock.
Late Stage D if fe re n t ia te s  (Kd)
The White Cloud stock is  laced w ith  a p l i t e ,  pegmatite, and g ra n ite  
d ikes. These crosscut the stock in  numerous d i re c t io n s .  Based on 
c ro ss -cu tt in g  re la t io n s h ip s ,  three d ike and s i l l  generations are 
present (Table 2 ). The dikes are more numerous toward the margins o f  
the stock, and become extremely numerous in  the adjacent metasediments. 
A p l i te  and pegmatite s i l l s  are very abundant in the contact zone west 
o f  Baker Lake (F igure 18). Only the la rg e r  s i l l s  are d iagram m atica lly  
represented in  Plates 1 and 2. The s i l l s  tend to  become narrower w ith  
depth, but the pinching out (P la te  2) is  d iagram atic . Both dikes and 
s i l l s  o f  pegmatite and a p l i t e  are common in  the North Zone (Figures 14
39
Figure 16. Pegmatite Dikes in  Eastern Stock Segment.
View looking west a t  two sets o f  p a ra l le l  pegmatite 
d ikes. Both sets were apparently  j o i n t  c o n tro l le d .  Set 
"A" is  e a r l i e r ,  and cu t by se t "B".
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Figure 17. A p l i te  Plug (Kd) In trud in g  Wood River 
Sediments (Pwd) in  the South Zone. 
C losely spaced jo in t s  in  a p l i t e  plug are 
nearly  h o r iz o n ta l .
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Figure 18. A p l i t e  and Pegmatite S i l l s  and Dikes Along Contact 
Margin o f  White Cloud Stock.
View looking northeast along s t r ik e  o f  beds. Numerous a p l i t e  
and pegmatite s i l l s  (A) are concordant w ith  bedding in  the contact 
zone. A few dikes (B) cut across the s i l l s  and bedding.
Figure 19. Quartz Veins, V e in le ts ,  and A p l i te  Dikes and S i l l s
Exposed on Weathered Surface o f  Metasediments in  North Zone
View looking west showing numerous quartz v e in le ts ,  and dikes 
and s i l l s  exposed by weathering. Note the general no rthe as te r ly  
s t r ik e  o f the v e in le ts  and s i l l s ,  concordant w ith  bedding.
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and 16). The dikes and s i l l s  are contemporaneous w ith  quartz 
ve in ing as shown in  Table 2. Pegmatite and a p l i t e  dikes in  the contact 
zones grade com pos it iona lly  and t e x tu r a l ly  in to  d io p s id e -r ic h  t a c t i t e .
A large frac tu re d  a p l i t i c  plug in trudes the metasediments in  the 
southernmost pa rt o f  the South Zone (F igure 17).
Peqmatites Most o f  the dikes and s i l l s  have a pegm atit ic  te x tu re .
The pegmatites are composed o f  o rthoc lase , quartz , m ic ro c l in e ,  o l ig o -  
c la s e -a lb i te ,  and minor b io t i t e  or muscovite. Grain s ize varies  (o ften  
w ith in  the same d ike ) from 0.5 to  3 cm. Many o f  the pegmatite dikes 
have extremely sharp contacts but the la rg e r  d ike boundaries are f r e ­
quently  gradationa l w ith  the metasediments. Some dikes have d i la te d  
and o f fs e t  e a r l ie r  dikes and v e in le ts .  There is  a compositional 
gradation between la te  stage dikes and quartz v e in le ts .  Late stage 
dikes and s i l l s  conta in  va r ia b le  amounts o f  quartz and most quartz 
ve in le ts  contain some fe ld sp a r.  In a d d it io n  many dikes are compo- 
s i t io n a l l y  zoned w ith  e a r ly  formed m inerals such as o rthoc lase , p la g io -  
c lase, and b io t i t e  on d ike margins, and la te r  formed minerals such as 
quartz and orthoc lase in  d ike centers (F igure 11).
A p li te s  A p l i te  dikes and s i l l s  are less common than pegmatites. Some 
o f the a p l i te s  are nearly  equa lly  dimensional and resemble plugs. Most 
a p l i te s  are composed o f  both quartz and orthoc lase or m ic ro c lin e  in  
approximately equal amounts. The a p l i te s  vary in  c o lo r  depending on the 
co lo r  o f  potassium fe ld sp a r .  Contacts ad jacent to the a p l i te s  are
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e i th e r  sharp, o r grada tiona l fo r  several centimeters in to  the meta­
sediments.
Granites Granite dikes appear to be nearly  com pos it iona lly  id e n t ic a l  
to the pegmatites and a p l i te s .  The g ran ites  are medium-grained and 
conta in quartz (30-60%), o rthoc lase (25-40%), m ic ro c l in e  (15-40%), 
b io t i t e  (0-5%), p lag ioc lase  (5-30%), and trace  amounts o f  p y r i te ,  iron  
oxides, garnet, sphene, d iops ide , c a lc i t e ,  and hornblende. 
In te rp re ta t io n s  The la te  stage dikes and s i l l s  are j o i n t  and f ra c tu re  
f i l l i n g  c r y s ta l l iz a t io n  products o f  res idua l magmatic f l u id s .  Generally 
v o la t i l e - r i c h  f lu id s  c r y s ta l l i z e  to form pegmatites and v o la t i le -p o o r  
f lu id s  c r y s ta l l i z e  to form a p l i te s .  The loss o f  v o la t i le s  would be a 
continuous and complex process during d ike formation and f ra c tu r in g .
Quartz Veins and Ve in le ts
A stockwork system o f  quartz veins and v e in le ts  is  poorly  developed 
in  the stock and very well developed in  the ad jacent metasediments, 
p a r t ic u la r ly  in the North Zone. The quartz veins and v e in le ts  transec t 
each other to form a c lo se ly  spaced network o f  in te rs e c t in g  planes 
(Figures 19, 29, and 30). The quartz veins are o f  two main types:
1) veins and v e in le ts  contemporaneous w ith  the la te  stage dikes and 
s i l l s  (F igure 20), and 2) quartz-chalcedony breccia veins (Kqb) which 
are d i s t i n c t l y  younger than the above v e in le ts ,  la te  stage d ikes , and 
s i l l s .
The contemporaneous quartz veins and v e in le ts  range in  w idth from 
greate r than 1 meter to m icroscop ic . The la rg e r  m ilky  quartz
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veins are la te r  than most v e in le ts ,  ra re  in  occurrence, and always 
unmineralized. The v e in le ts  average about 2 mm in  w id th . Most i n ­
d iv id u a l v e in le ts  have sharp con tact margins, but a few grade in to  
pervasive s i l i c i f i c a t i o n .  C ro ss-cu tt ing  re la t io n s h ip s  show a t  le a s t  
seven d i s t i n c t  "generations" o f  v e in le ts  in  a s in g le  outcrop. Lack o f  
d is t in g u is h in g  compositional or te x tu ra l  q u a l i t ie s  fo r  in d iv id u a l gen­
era tions p ro h ib i ts  assignment o f  v e in le ts  to  a p a r t ic u la r  generation 
from outcrop to  outcrop. However, v e in le ts  are assigned to  "general 
stages" based on c ro s s -c u t t in g  re la t io n s h ip s  w ith  o ther v e in le ts  and 
dikes w ith in  a p a r t ic u la r  outcrop. " E a r ly  v e in le ts  do not cu t through 
any v e in le ts ,  and are cu t by a l l  o ther v e in le ts  and most dikes and 
s i l l s .  "Middle" v e in le ts  both cut and are cu t by v e in le ts ,  d ikes , and 
s i l l s .  "Late" v e in le ts  cu t a l l  o ther v e in le ts ,  d ikes , and s i l l s .
Table 2 i l l u s t r a te s  the temporal re la t io n s h ip  o f  various elements, in ­
c luding ve in ing , in  the North Zone. The quartz v e in le ts  fre q u e n t ly  
contain orthoclase sphene, p y r i te ,  and minor b io t i t e  (p lus molybdenite 
and s c h e e l i te ) .  The in te r lo c k in g ,  anhedral quartz c ry s ta ls  in  the 
v e in le ts  are o f a f in e  to  medium g ra in  s iz e ,  much la rg e r  than the 
quartz in  the enclosing rock (F igures 34, 35, and 36). Early  v e in le ts  
tend to be dark and glassy and la te r  ones more m ilky .  O ffse ts  o f  
c ro ss -cu tt in g  v e in le ts  are common (F igure 20). The o r ie n ta t io n  o f  
ve in le ts  by stages are discussed la te r .
The la te  quartz-chalcedony breccia  veins are found in  the North 
Zone stock and metasediments. They vary in  w idth from .5 m to  50 m.
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Table 2. Sequence o f  ve in ing and m in e ra liz a t io n  in  North Zone
la te  jo in t in g  
and f ra c tu r in g
contemporaneous
fra c tu r in g
e a r ly  f ra c tu r in g
f o l i a t io n  due 
to f low  in  
stock
quartz-chalcedony base 
breccia veins metals+
la te  quartz 
v e in le ts
Mo - 
Py +
middle quartz Mo ++
v e in le ts  Py +
e a r ly  quartz 
ve in le ts
Mo + 
Py - 
W t r
la te  pegmatites Mo t r  
and a p l i te s
middle pegs 
and a p l i te s
e a r ly  pegs 
and a p l i te s
Mo t r  
Py t r
Mo t r  
W t r
f ra c tu r in g  e tc . ve in ing  & m in e ra liza t io n d ik in g  & m in e ra liz a t io n
t r  = t ra c e ;  minus ( - )  = l i g h t ;  plus (+) = moderate; ++ = heavy 
Mo = molybdenite Py = p y r i te  w = sche e lite
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Figure 20. Quartz V e in le ts  in  D iops id ic  T a c t i te  from 
Contact Zone in  North Zone.
Narrow molybdenite bearing quartz v e in le ts  (A), are 
s l i g h t l y  d isp laced along q u a r t z - f i l l e d  f ra c tu re  (B).
Ve in le ts  A and 8 are both crossed by younger a p l i te  v e in le ts
(C) which are l i g h t  in  c o lo r  due to  s ta in in g  by sodium 
c o b a l t i n i t r i t e .  Photo is  actua l s ize . Sample width - 7.5 cm
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The brecc id ted veins con s is t mostly o f  m ilky  quartz and minor t ra n s ­
parent gray chalcedony. The veins are heav ily  sta ined w ith  iro n  
oxides. P y r i te  is  nearly  ob iqu itous in  the quartz-chalcedony breccia 
veins. A rsenopyrite  and o ther base and precious metal s u l f id e s  are 
also lo c a l ly  abundant as ind ica ted  in  Table 1.
C h a l l is  Volcanics
The C h a l l is  vo lcan ics are poorly  exposed w i th in  the study area. 
Bedding in  the vo lcan ics was not observed in  outcrop in  the map area, 
but was observed to  the southeast and northeast. A uniform N 60®W 
s t r ik e  and 15°NE d ip  are apparent fo r  a la rge  area o f  vo lcan ics to  the 
east. Volcanics in  the map area probably have the same o r ie n ta t io n .
The pro trud ing  tongue o f  a lte re d  vo lcan ics southeast o f  Baker Lake was 
encountered in  v e r t ic a l  d r i l l  holes from the base o f  the g la c ia l  debris
and a lluv ium  to a depth o f  a t  le a s t  692 fe e t .
The volcanics are p r im a r i ly  andésites. Some p o rp h y r i t ic  un its  
w ith  f ine -g ra in ed  p lag ioc lase  phenocrysts were in te rsec ted  in  d r i l l  
holes. Agglomerates, b recc ias , and scoria  were also common in  d r i l l
cores. Amygdules o f  chalcedony and c a lc i t e  are common in  some u n i ts .
A b r i l l i a n t  deep blue and green ce ladon ite  s ta in  is  lo c a l ly  present 
on exposed surfaces o f  the vo lcan ics . Celadonite is  q u ite  common in  
the C h a ll is  vo lcan ics throughout the reg ion. Some ce ladon ite  
s ta in in g  and encrusta tions are a lso found on fra c tu re s  in  the meta­
sediments in  the North Zone.
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The C h a l l is  vo lcanics apparently  erupted onto a rugged topographic 
high about 45 m i l l io n  years ago (Axelrod, 1968). The coarse c la s t ic  
tex tu res o f  some rocks and the abundance o f  chalcedony vein ing may 
in d ica te  a nearby e ru p tive  source. However, the more common uniform , 
sha llow ly  d ipp ing beds probably represent flows w ith  a more d is ta n t  
source. The p ro trud ing  cen tra l tongue may represent a lte re d  vo lcan ic  
debris from an ancient slump or s l id e  plus g la c ia l  ta lu s .  The cen tra l 
tongue may a lso be a th ic k ,  fa u lt -d is p la c e d  f low  sequence.
CHAPTER V 
STRUCTURE
S truc tu ra l fea tu res observed in  the study area inc lude : 1) two
major f a u l t s ,  the L i t t l e  Boulder Fau lt and the Uncle Jess Fau lt 
(ASARCO, 1970), 2) several minor f a u l t s ,  3) ea r ly  formed j o i n t  sets 
and fra c tu re s  now f i l l e d  by v e in le ts ,  d ikes , and s i l l s ,  and 4) la te  
open jo in t s  and f ra c tu re s .
Faults
The dominant s t ru c tu ra l  fea tu re  in  the study area is  the major 
N 10*E trend ing L i t t l e  Boulder F a u lt ,  which p a ra l le ls  the eastern 
margin o f the White Cloud stock. This f a u l t  a lso roughly p a ra l le ls  
the trend o f  the L i t t l e  Boulder Creek magnetic lineament o u t l in e d  by 
Tschanz and others (1974) (F igure 2 ). The presence o f  the L i t t l e  
Boulder F au lt is  ind ica ted  by several surface features (P lates 1 and
2): 1) A steep eas t- fa c in g  scarp occurs along the western edge o f
th is  major f a u l t  zone. 2) There is  displacement o f  the metasediments 
in  the are te  on the southern pro jected trend o f  the f a u l t .  3) A l in e a r  
ferrugenous breccia and m ylon ite  zone mark the b i fu rc a t in g  southern 
extension. 4) Rock types, v e in in g ,  d ik in g ,  m in e ra l iz a t io n ,  a l ­
te ra t io n ,  and e a s te r ly  decreasing contact metamorphism are repeated 
on both sides o f  the f a u l t  zone. 5) There is  an absence o f  reverse
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gradation (west to  east) in  metamorphism in  the metasediments between 
the main White Cloud stock and the f a u l t  d isplaced eastern extension.
The presence o f  th is  major f a u l t  is  a lso  demonstrated by three 
d r i l l  ho les, which in te rs e c t  the f a u l t  along cross sections A -A ',
C-C*, and near B 'B '.  A wide zone (g rea te r than 50 m ) o f  in tense 
a l te r a t io n ,  b re c c ia t io n ,  and m y lo n i t iz a t io n  is  in te rsec ted  in  a l l  
three ho les, but no hole penetrates through the f a u l t  zone.
On the basis o f  d r i l l  hole in te rs e c t io n s  and pro jected surface 
trends, the L i t t l e  Boulder Fau lt is  a s teep ly  d ipp ing normal f a u l t .
The dip roughly p a ra l le ls  the bedding d ip  (approx. 70*E), and the 
eastern side is  downthrown. Total f a u l t  displacement is  unknown, but 
a large v e r t ic a l  component is  probable.
Along the eastern s ide o f  the North Zone the C h a l l is  vo lcan ics are 
in  f a u l t  contact w ith  the metasediments. This f a u l t  is  named the 
Uncle Jess Fau lt a f t e r  Jess Baker. I t s  surface expression 
includes a f a u l t  scarp in  the metasediments, a l in e a r  stream a l ig n ­
ment, and the occurrence o f  a breccia zone (Kqb) on the edge o f  the 
metasediments. The Uncle Jess F au lt  was penetrated in  two d r i l l  
holes south o f  A -A '.  The f a u l t  is  a c tu a l ly  a 30 m wide zone o f  
intense b re c c ia t io n ,  m y lo n i t iz a t io n ,  and c h lo r i te  and c lay a l te ra t io n .  
The Uncle Jess Fau lt a lso  appears to  be s teep ly  east d ipp ing , w ith  the 
C h a ll is  vo lcanics downthrown. The to ta l  displacement is  not known.
The southern trend o f  the f a u l t ,  based on an a e r ia l  photo lineament 
and l im ite d  d r i l l  hole in fo rm a tio n , is  t e n ta t iv e ly  pro jected to  a 
junc tu re  w ith  the L i t t l e  Boulder F au lt  (P la te  1).
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Two o ther fa u l ts  p a ra l le l  the Uncle Jess F au lt .  The contact 
between the C h a l l is  vo lcanics and the metasediments In the South 
Zone Is marked by considerable b re cc ia t io n  o f  the metasediments (s o l id  
f a u l t  l in e s  in  P la te 1). The northern extension o f  th is  f a u l t  was 
in te rp re te d  from a e r ia l  photo 11 nears. The other f a u l t  w ith  a no rth ­
east trend crosses the eastern stock extension. This f a u l t  is  marked 
in  a e r ia l photos as a l in e a r  patch o f  deep green vegeta tion .
O rie n ta t io n  o f  Quartz V e in le ts  and Late Stage Dikes
V e in le ts ,  d ikes , and s i l l s  occupy j o i n t  sets and fra c tu re s  which 
formed p r io r  to  (and during) the release o f  magmatic and hydrothermal 
f lu id s  from the White Cloud stock.
The most prominent s teep ly  d ipp ing dikes in  the main stock have a 
general s t r ik e  o f  N 60°E to N 8D*E. Time l im i ta t io n s  prevented de­
ta i le d  study o f the o r ie n ta t io n  o f  o ther v e in le ts  and dikes in  the 
main stock. A p l i te  and pegmatite s i l l s  and quartz v e in le ts  in  the 
metasediments adjacent to  the main stock are almost e x c lu s ive ly  con­
formable w ith  bedding (F igure 18). A pauc ity  o f  outcrops p ro h ib ite d  
study o f  v e in le t  and d ike o r ie n ta t io n  in  the South Zone.
Contour diagrams o f  poles to  1117 e a r ly ,  m iddle, and la te  stage 
v e in le ts ,  d ikes , and s i l l s  in  the metasediments o f  the North Zone 
are presented in  Figures 21, 22, and 23. A p l i te  and pegmatite d ike 
and s i l l  o r ie n ta t io n s  are combined w ith  v e in le t  o r ie n ta t io n s  because
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Figure 21. Contour Diagram o f  Poles 
Dikes, and S i l l s .  Total 
shown below each diagram.
to  Early Stage V e in le ts ,  
o r ie n ta t io n  measurements
= MoS« bearing vnlts
Contour in te rv a ls : Area A
Area B
Area C
1%, 2% 
1%, 2% 
1%, 2%
h ,
8%, 16%, 32% -  o f  1%
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Figure 22. Contour Diagrams o f  Poles to  Middle Stage V e in le ts ,  
Dikes, and S i l l s .  Tota l o r ie n ta t io n  measurements
shown below each diagram. = M0S2 bearing vnlts.
Contour in te rv a ls : Area A 2%, 4%, S%
Area B 4%
Area C 4%, 8%
-  o f  1%
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Figure 23. Contour Diagrams o f  Poles to  Late Stage V e in le ts ,  
Dikes, and S i l l s .  Tota l o r ie n ta t io n  measurements 
shown below each diagram. # =  moS bearing vnlts
Contour in te rv a ls : Area A 2%, 4%, 8%
Area B 2%, 4%
Area C /o ,
-  o f  1%
1 4 4
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Figure 24. Contour Diagrams o f  Poles to  V e in le ts ,  and Dikes 
in  Eastern Extension Quartz Monzonite. Total 
o r ie n ta t io n  measurements shown below each diagram,
Contour in te rv a ls : Area A 1%,
Area B 1%,
Area C '0  9
2%,
2%,
16%
4%, 8%
4%. 8%, 16% - o f  1%
15 2
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Figure 25. Contour Diagrams o f  Poles to  Jo in ts  and Fractures 
in  Metasediments o f  North Zone. Total o r ie n ta t io n  
measurements shown below each diagram.
Contour in te rv a ls : Area A 1%, 2%,
Area B 1%, 2%,
Area C 1%, 2%,
4%, 8% 
4%, 8%, — o f  1 %
5 4
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Figure 26. Contour Diagrams o f  Poles to  Jo in ts  and Fractures 
in  Eastern Extension Quartz Monzonite. Total 
o r ie n ta t io n  measurements shown below each diagram
Contour In te rv a ls Area A
Area B
Area C
4  A ) 9 O  /o
1%, 2%, 4%, /O 9
/O  9
-  o f  1%
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Exp lanation
Tcv
Kqb
Kd
Kqm
Pwd
Pwq
Pwb
Pwu
Pwf
Pwh
C h a l l is  vo lcan ics
B reedated quartz-chalcedony veins
Late stage d i f fe re n t ia te s  o f  the White Cloud
Stock (a p l i te s  and pegmatites)
White Cloud Stock (quartz monzonite)
Wood R iver Fm -  Diopside r ic h  t a c t i t e  
Fm - Quartz r ic h  t a c t i t e  
Fm - Banded t a c t i t e  
Fm - U n d if fe re n t ia te d  c a lc q u a r tz i te ,  
and limestone 
breccia
Wood R iver 
Wood River 
Wood River 
q u a r tz i te ,  
Ferrugenous
P y r i t i c  ho rn fe ls  
—  Contact, dashed where in fe r re d
^  Outcrop
F a u lt ,  dashed where in fe r re d  
Fau lt zone
S tr ik e  and d ip  o f  beds 
S tr ik e  and d ip  o f  jo in t s  
— Veinlet orientation Area boundary 
OVERLAYS: ( In  back pocket)
(A, B, C)
Figure 27a. Diagramatic S tr ikes  o f  Early  Stage V e in le ts ,  
Dikes, and S i l l s .
Figure 27b. Diagramatic S tr ikes  o f  Middle Stage V e in le ts ,  
Dikes, and S i l l s .
Figure 27c. Diagramatic S tr ikes  o f  Late Stage V e in le ts ,  
D ikes, and S i l l s .
Figure 27d. A l te ra t io n  and M in e ra liz a t io n
Figure 27e. Diagramatic S tr ike s  o f  Open Fractures and Jo in ts
Figure 27. Outcrop Geologic Map o f  L i t t l e  Boulder Creek Deposit 
North Zone (P la te  1 - reduced)
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Figure 28. Geologic Cross Section o f  a Portion o f  A-A*. 
See Figure 27 fo r  exp lanation.
Overlay: ( In  back pocket)
Figure 28a. A l te ra t io n  and M in e ra l iz a t io n .
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Figure 29. Outcrop Geologic Map o f  L i t t l e  Boulder Creek 
Deposit-South Zone (P la te  1 - reduced)
See Figure 27 fo r  exp lanation
Overlays: ( In  back pocket)
Figure 29a. A l te ra t io n  and M in e ra liza t io n
350,000
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o f  t h e i r  temporal s im i la r i t i e s  (Table 2) ,  Quartz (+ o rthoc lase) 
v e in le ts  are most common in  the e a r ly  and middle stages, and a p l i te s  
and pegmatites are most common in  the la te  stages.
I t  should be noted th a t  v e in le ts ,  d ikes , and s i l l s  in  the North 
Zone metasediments which s t r ik e  nearly North-South and d ip  moderately 
west were o ften  b e t te r  exposed than t h e i r  counterparts w ith  a moderate 
d ip  east. This exposure bias is  i l l u s t r a te d  in  Figure 30.
east dipping ve in le ts
w est dipping veinlets
\  /
typ ical outcrop
slope
Figure 30. Cross Section showing exposure bias o f
north-south  s t r i k in g ,  west d ipping v e in le ts ,  
d ikes , and s i l l s  in  North Zone.
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Both the eastern stock extension and the metasediments are sub­
d iv ided in to  three s t ru c tu ra l  areas as shown in  Figure 27. Progressive 
changes in  v e in le t  and d ike o r ie n ta t io n  can thus be compared from 
north to  south (Area A to C).
Most o f  the 657 e a r ly  stage quartz v e in le ts  and a p l i te s  and peg­
m atites are conformable w ith  bedding, having an average s t r ik e  o f  
N 15°E and an average d ip  o f  about 75®W (Figure 21). A few v e in le ts  
and dikes have a northwest to  eas t-northeast s t r ik e ,  and a moderate 
to shallow d ip .  There is  l i t t l e  change in  the dominant s t r ik e  and 
d ip  o f  these e a r ly  v e in le ts  from Area A to Area C (Figures 21 and 27a).
The 228 middle stage v e in le ts  and dikes occupy a bedding j o i n t  
set in  Area A, B, and C. In a d d i t io n ,  the middle stage v e in le ts  and 
dikes occupy a secondary s teep ly  d ipp ing j o i n t  set which s t r ik e s  North- 
South in  Area A; N 30°W in  Area B, and N 60°W in  Area C.
The 232 la te  stage v e in le ts ,  d ikes , and s i l l s  are a lso s teep ly  
d ipp ing , and occupy a bedding j o i n t  set and a cross j o i n t  se t.  The 
cross j o i n t  set s t r ik e s  N 45®E in  Area A, N 65®E in  Area B, and 
N 75®E in  Area C (F igure 23).
Contour diagrams o f  poles to 258 combined stage quartz v e in le ts  
and dikes in  the eastern stock segment are presented in  Figure 24. 
Most dikes and quartz v e in le ts  occupy s teep ly  d ipp ing j o i n t  sets which 
s t r ik e  N 60-80®W, or N 80®E.
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Figures 27 a ,b ,c ,d ,e  and 28a show the o r ie n ta t io n s  o f  v e in le ts  
re la t iv e  to  outcrop p a tte rn ,  rock type, a l te r a t io n ,  and m in e ra liza t io n  
in  the North Zone. A comparison o f  the overlays shows a c lose sp a t ia l 
associa tion among ve in in g , a l te r a t io n ,  and m in e ra liza t io n  because a l l  
three were f ra c tu re  c o n tro l le d .  Figure 29a shows the lo ca t io n  o f  
a l te ra t io n  and m in e ra l iz a t io n  in  the South Zone. The patterns o f 
ve in ing , m in e ra liz a t io n  and a l te ra t io n  are more complex in  the South 
Zone, but a lso  appear to  be s p a t ia l ly  re la te d .
Late F rac turing  and J o in t in g
A la rge number o f  open jo in t s  and fra c tu re s  developed in  the 
main s tock, the eastern extension, and in  the North Zone metasediments 
a f te r  the quartz and potassium-fe ldspar "hea ling phase". These la te ,  
open jo in t s  and f ra c tu re s  have smooth plane surfaces, and are coated 
w ith  iron  oxides.
W ith in the main stock a conspicuous, nearly v e r t ic a l  set o f cross 
jo in t s  is  v is ib le  on the ground and in  a e r ia l  photos. These jo in ts  
are re g u la r ly  spaced about .5 meters apart and s t r ik e  N 80®E. A 
secondary v e r t ic a l  se t o f  less prominent jo in t s  w ith  smooth to  i r r e g u la r  
surfaces s t r ik e s  su b pa ra lle l w ith  the contact margin o f the stock.
Contour diagrams o f  the o r ie n ta t io n s  o f  jo in t s  and fra c tu re s  
w ith in  the stock apophysis and metasediments in  the North Zone are 
shown in  Figures 25 and 26. Most o f  the jo in t s  in  the eastern stock 
segment belong to  a se t which s t r ik e s  about N 60°W and dips s teep ly  
south. A secondary j o i n t  se t is  p a ra l le l  w ith  the con tac t. Other
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jo in t s  and fra c tu re s  in  the eastern stock segment f a l l  in to  cross 
sets which are dominantly s teep ly  d ipp ing . A major j o i n t  set in  the 
metasediments s t r ik e s  northw esterly  and dips s teep ly  south o r  no rth . 
There are a lso numerous bedding jo in t s  in  the metasediments, s t r ik in g  
N 5-20°E and dipp ing s teep ly  west. The r e la t iv e  s t r ik e  o f  la te  
jo in ts  and fra c tu re s  compared to  ve in ing , d ik in g ,  rock type, a l te ra ­
t io n  and m in e ra liza t io n  is  shown in  Figure 27e.
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Figure 31. A p l i te  and Pegmatite S i l l s  and Dikes (Kd), and 
Quartz V e in le ts  in  North Zone Metasediments. 
View looking south; s i l l s  and most v e in le ts  are 
concordant. __  ____
Figure 32. A p l i te  and Pegmatite S i l l s  and Dikes, and Quartz 
V e in le ts  in  North Zone Metasediments. View 
looking west showing d ikes , s i l l s  (A ), and v e in le ts  
w ith  a s t r ik e  subpara lle l w ith  bedding. Late 
v e r t ic a l  jo in t s  (B) s t r ik e  N 65*-75°W.
CHAPTER VI 
METAMORPHISM AND ALTERATION
In th is  deposit both contact metamorphism and hydrothermal a l ­
te ra t io n  o f  the sediments and stock resu lted  p r im a r i ly  from the 
establishment o f  thermal and chemical gradients v ia  f l u i d  move­
ment. Probably the same f lu id s  were a lso responsib le fo r  mineral 
deposition in  v e in le ts .  D if fu s io n  apparently played a s p a t ia l ly  
l im ite d  ro le  in  accomplishing hydrothermal a l te ra t io n  or metamorphism.
Contact Metamorphism
A l l  the sediments in  the study area were contact metamorphosed 
to varying degrees. The c a lc -q u a r tz ite s  were genera lly  impermeable 
to the magmatic f lu id s  except along f ra c tu re s .  L im ited f ra c tu r in g  
along bedding planes in  the metasediments near the main stock allowed 
the hot f lu id s  to  metamorphically a l t e r  the rocks in  a zone up to 
150 meters wide. Moderate f ra c tu r in g  in  the South Zone and in tense 
f ra c tu r in g  in  the North Zone perm itted much la rg e r  volumes o f  rock 
to be metamorphosed (P lates 1 and 2 ) .  As expected, the e f fe c ts  o f 
contact metamorphism d im in ish away from the s tock. However, because 
a l te ra t io n  is  f ra c tu re  c o n tro l le d ,  the t r a n s i t io n  to  lower metamorphic 
grades in  the sedimentary rocks is  not s p a t ia l ly  uniform (e sp e c ia l ly  
in the North and South Zones).
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In the outermost zone (Wood River u n d if fe re n t ia te d  Pwu), contact 
metamorphism is  l im ite d  to  minor r e c r y s ta l l iz a t io n  and the formation 
o f  less than 10 percent new m inera ls . Metamorphism increases to 
pyroxene horn fe ls  grade as the stock is  approached. Pyroxene fac ies  
minerals are found in  a zone extending a few meters away from la rge 
d ikes, and in  a zone extending a few centimeters away from f in e  
v e in le ts .  Fracture con tro l o f  pyroxene fac ies  metamorphism is  ex­
h ib i te d  throughout the metasediments, but i t  is  best exh ib ited  in  the 
banded zone (F igure 9 ) .  Narrow diopside halos l in e  fra c tu re s  in  the 
banded zone c rea ting  a conspicuous stockwork p a t te rn ,  which widens a t  
in te rs e c t io n s .
The e f fe c ts  o f  contact metamorphism inc lude : 1) the form ation o f
new metamorphic m inerals such as d iops ide , w o l la s to n ite ,  t re m o l i te ,  
hornblende, ep ido te , c h lo r i t e ,  o rthoc lase , m ic ro c l in e ,  p lag ioc lase , 
and a c t in o l i t e ,  and 2) the r e c r y s ta l l iz a t io n  o f  m inerals such as 
quartz and c a lc i te .
Many o f  the metamorphic m inerals req u ire  on ly  a temperature increase 
fo r  t h e i r  fo rm ation . Necessary components f o r  the form ation o f  d iops ide , 
t re m o l i te ,  and w o l la s to n ite  are already a va ila b le  in  the sediments.
The formation o f  o the r metamorphic m inerals in  the sediments requires 
elemental inpu t and removal. A comparison o f  the percent mineral 
content o f  metamorphic subunits o f  the Wood River metasediments reveals 
a progressive increase in  m inera ls bearing the elements T i ,  Fe, Mg, K
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and Na as the stock is  approached. The above elements were probably 
derived from c i r c u la t in g  hydrothermal or magmatic f lu id s .  There is  a 
decrease in  S i,  Ca, and CO2 bearing m inerals as the grade increases 
and the stock is  approached. Both the Si and Ca were ca rr ied  away 
by the hot f lu id s  and p re c ip ita te d  in  numerous quartz and c a lc i te  
veins. Much o f  the CO2 escaped a llow ing w o lla s to n ite  to  form.
Hydrothermal A l te ra t io n  
Only minor amounts o f  hydrothermal a l te ra t io n  occurs in  the main s tock, 
the eastern segment and the ad jacent metasediments. The intense hydro- 
thermal a l te ra t io n  found in  o ther stockwork molybdenum deposits is  
conspicuously absent from th is  depos it.  Hydrothermal a l te ra t io n  is  
most pronounced in  the major f a u l t  zones. The lo ca t io ns  o f  hydrothermal 
a l te ra t io n  zones are shown in  Figures 27, 28, and 29.
Hydrothermal A l te ra t io n  o f  the Main Stock and Eastern Segment
Hydrothermal a l te ra t io n  in  the quartz monzonites o f  the main stock 
and eastern segment cons is ts  o f  minor s i l i c i f i c a t i o n ,  and loca l a rg i l  l i e  
a l te ra t io n ,  and s e r i c i t i z a t i o n . Minor s i l i c i f i c a t i o n  cons is ts  o f  the 
quartz ve in ing (p re v io u s ly  descr ibed), and very minor quartz f lo o d in g  
along the margins o f  some la rg e r  ve ins. The zone o f  in c ip ie n t  s i l i c i f i ­
cation includes a l l  o f  the main stock and eastern extension w ith in  
the map area. There is  an apparent increase in quartz vein and 
v e in le t  dens ity  in  the eastern segment. Only in c ip ie n t
%
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Figure 33, Photomicrograph o f  Banded T a c t i te  (Pwb),
Metamorphic mineral segregation Is shown by dark appearing 
bands (A) con ta in ing  mostly d iops ide , and a l te rn a t in g  l i g h t  
bands (B) con ta in ing  mostly quartz . Hornblende la th s  (C) are 
elongate In the same d ire c t io n  as the mineral segregation bands 
Mag. X 10.
Figure 34. Photomicrograph o f  In tense ly  S e r lc l t lz e d  Quartz 
Monzonlte from North Zone 
S e r lc l te  (A) Is  rep lac ing  a l l  fe ldspars  leaving on ly  quartz 
(B). Mag. X 10. Crossed N icho ls .
72
a r g i l ! i c  a l te ra t io n  o f  the fe ldspars occurs in  most rocks o f the 
main stock and eastern extension. Intense s e r i c i t i z a t io n  is  confined 
to narrow zones (a few meters wide) on the margins o f  quartz - 
chalcedony breccia veins (F igure 27). Feldspars in  these zones are 
t o t a l l y  a lte re d  to  s e r ic i t e  (F igure 34). Minor s e r ic i t e  a lso occurs 
on fra c tu re s  w ith  iro n  oxides throughout the eastern stock extension.
There is  in tense a r g i l  l i e  a l te ra t io n  along the L i t t l e  Boulder 
Fau lt Zone (Figures 27 and 28). Rocks on the margins o f  th is  zone are 
in tense ly  a lte re d  to  green and white  c lay m inerals along f ra c tu re s .  
Many o f  the rocks in  the center o f  the f a u l t  zone are completely 
a lte red  to  wh ite  c la ys , f in e ly  crushed quartz , f in e  white mica 
( s e r i c i t e ) ,  and c h lo r i t e .  Many fra c tu re s  and minor fa u l ts  in  the 
eastern stock extension are l ine d  w ith  c h lo r i te .
Hydrothermal a l te ra t io n  in  the Metasediments
Hydrothermal a l te ra t io n  in  the metasediments cons is ts  o f  the 
in tro d u c t io n  and form ation o f  m inerals commonly found in  ty p ic a l hydro­
thermal zones ( i . e .  Lowell and G u i lb e r t ,  1970). However, the i n i t i a l  
chemical composition o f  the metasediments (almost no a lu m in o s i l ica te s )  
d ic ta tes  th a t  the process o f hydrogen metasomatism probably plays a 
very l im ite d  ro le  in  the development o f  hydrothermal m inerals in  the 
study area.
Hydrothermal a l te ra t io n  in  the metasediments consis ts  o f  
s i l i c i f i c a t i o n ,  in c ip ie n t  b io t i t e  a l te r a t io n ,  and s e r i c i t i z a t io n .
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S i l i c i f i c a t i o n  includes both quartz vein ing and pervasive f lo o d in g .
The quartz f loo d ing  is  d i f f i c u l t  to  d is t in g u is h  from re c r y s ta l l iz a t io n  
o f  the c a lc -q u a r tz i te s .  Usually sedimentary tex tures are more d i lu te d  
or destroyed by quartz f lo o d in g . The f lood ing  is  genera lly  l im ite d  
to  the d io p s id e -r ic h  t a c t i t e  o f  the North and South Zones (Figures 27 
and 29). Quartz ve in ing diminishes away from the s tock, but extends in to  
the Wood R iver u n d i f fe re n t ia te d  (Pwu) subun it. B io t i t e  is  disseminated 
very sparse ly in  the metasediments throughout the zone o f  in c ip ie n t  
b io t i t e  a l te ra t io n  (Figure 27). However, much o f  what appears to  be 
b io t i t e  in  hand specimen is  p y ro lu c ite  and/or dark c h lo r i te .  Intense 
s e r ic i t i z a t io n  is  found in  the metasediments along the margins o f  the 
quartz-chalcedony breccia veins (Kqb). Minor amounts o f  s e r ic i t e  are 
a lso found in  quartz v e in le ts  and in  open f ra c tu re s  throughout the 
metasediments o f  the North Zone, and occas iona lly  in  the South Zone.
Many fac tu res  in  both the North Zone and South Zone are th ic k ly  coated 
w ith  c h lo r i te .
In te rp re ta t io n s
With the exception o f  quartz ve in ing in  the apophysis and meta­
sediments, a rg i l  l i e  a l te ra t io n  along the major f a u l t  zones, and 
s e r i c i t i z a t io n  along the quartz-chalcedony breccia ve ins, pervasive 
hydrothermal a l te ra t io n  is  absent from th is  depos it .  The l im ite d  
a l te ra t io n  might be explained by: 1) a low water content f o r  the
magmatic and hydrothermal f l u id s ,  2) a high degree o f  f ra c tu re  con tro l 
o f  f l u i d  movement, o r  3) an absence o f  a lu m in o s i l ic a te  m inerals in  the 
host metasediments.
CHAPTER V II 
MINERALIZATION
Molybdenite
At the L i t t l e  Boulder Creek Deposit trace amounts o f  molybdenite are 
disseminated in  the main stock and eastern extension, disseminated 
in  a t a c t i t e  along both the main stock and eastern extension, con­
tained in  la rge quartz ve ins , contained in  pegmatite d ikes , and con­
tained in  a quartz v e in le t  stockwork.
Greater than 95 percent o f  the molybdenite m in e ra liz a t io n  a t  
L i t t l e  Boulder Creek is  confined to  quartz v e in le ts .  Molybdenite- 
bearing v e in le ts  occur in  the main s tock , in  the eastern stock apophysis, 
and in  the adjacent metasediments o f  both. The h ighest grades o f 
molybdenite m in e ra l iz a t io n  are found in  the North and South Zone meta­
sediments, because o f  the g rea te r molybdenite bearing v e in le t  dens ity  
in  these areas.
Figures 27, 28, and 29 show the d is t r ib u t io n  o f  molybdenite 
m in e ra liza t io n  in  the North and South Zones. A l in e  marking a minimum 
average grade o f 0.15 percent Mo roughly o u t l in e s  the ore zones 
(modified a f t e r  Tschanz, 1974; Kirkemo e t  a l . ,  1965; ASARCO, 1970).
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Figure 35. A p l i t e  Sample Containing Quartz and 
Disseminated Molybdenite.
Quartz v e in le ts  are o ften  breccia ted and displaced 
in d ic a t in g  nearly  contemporaneous depos it ion  o f  a p l i te .  
Molybdenite f lakes  are found both w i th in  the quartz and 
a p l i t e  po rt ions  o f  the rock. Molybdenite f lakes  are coarse 
and randomly disseminated. Sample is  8 cm wide.
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The dashed l in e  denotes the ou te r l i m i t  o f  v is ib le  molybdenite m in e ra l i ­
za t io n . A comparison o f  overlays (Figures 27 and 28) shows the d i re c t  
sp a t ia l c o r re la t io n  o f  ve in in g , a l te r a t io n ,  and m in e ra l iz a t io n .  The 
grade o f  m in e ra l iz a t io n  changes on ly  s l i g h t l y  (both on the surface and 
in d r i l l  holes) in  the North Zone, but is  more va r iab le  in  the South Zone. 
Further from the in t ru s iv e  contact the grade o f  m in e ra l iz a t io n ,  a l te r a t io n ,  
and ve in ing  decrease s p o ra t ic a l ly .  D r i l l  hole assay re s u lts  in d ica te  th a t  
the grade in  the North Zone is  q u ite  constant to depths exceeding 240 
meters. D r i l l i n g  ind ica tes  th a t  well m inera lized rock extends north  under 
the ta lu s  cover, but the grade may dec line  somewhat. D r i l l i n g  also in ­
dicates an extension o f  the ore zone under the C h a ll is  vo lcanics southwest 
o f  Baker Lake. Because o f  extreme changes in  grade and lack o f  outcrops, 
the ore zone is  more d i f f i c u l t  to de fine  in  the South Zone. D r i l l i n g  has
delineated two ore bearing zones, one along cross section C -C ,  and the
o the r south near the a p l i t e  plug.
A l l  previous estimates o f  ore grade rock a t L i t t l e  Boulder Creek 
are in excess o f  100 m i l l io n  tons. Based on an average w idth o f  
180 m, an average length o f  900 m and an average depth o f  300 m, the 
ore reserves in the North Zone to ta l  a minimum o f  149 m i l l io n  tons.
The ore reserves in  the South Zone to ta l  a minimum o f  18 m i l l io n  tons, 
based on one d r i l l e d  ore zone 150 m by 180 m by 180 m, and a second
d r i l l e d  ore zone 120 m by 60 m by 120 m. The value o f  one ton o f
. 1 5 percent molybdenum ore would exceed $15 a t cu rre n t prices (approx.
$ 5 . 5 0 / lb  conc. )
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The molybdenite-bearing v e in le ts  decrease away from the stock in  
the same p ropo rtion  as to ta l  ve in ing . There is  apparently  no par­
t i c u l a r l y  favorab le  horizon fo r  molybdenite depos it ion  in  the meta­
sediments. Generally the f in e r  v e in le ts  contain a higher percentage 
o f  molybdenite. The o r ie n ta t io n  o f  e a r ly ,  m iddle, and la te  stage 
molybdenite-bearing v e in le ts  is  shown in  Figures 21, 22, and 23. Most 
molybdenite-bearing v e in le ts  are roughly conformable w ith  bedding 
( s t r ik e  N 15®E and d ip  s teep ly  w est), and many others occupy the 
dominant j o i n t  sets w ith  o ther o r ie n ta t io n s .  The middle stage v e in le ts  
contain the most molybdenite. The e a r ly  stage v e in le ts  conta in less 
molybdenite, and the la te  stage v e in le ts  o ften  contain no molybdenite. 
By con tras t the middle and la te  stage v e in le ts  conta in moderate amounts 
o f p y r i te  and e a r ly  v e in le ts  contain very l i t t l e  p y r i te  (Table 2 ).
Most molybdenite-bearing quartz v e in le ts  a lso conta in  potassium 
fe ld sp a r,  and minor d iop s id e , c a lc i t e ,  and o l ig o c la se . The molybdenite 
f lakes are euhedral to  subhedral, and grew in  i r r e g u la r  c lu s te rs  and 
ra d ia t in g  c lo ts  along the margins o f  the v e in le ts  (Figures 36 and 37). 
The molybdenite f lake s  o ften  adhere to  d iopside or orthoc lase gra ins . 
Some very coarse (g re a te r  than 5 mm) molybdenite f lakes  were found 
w ith  iro n  oxides on the margins o f  la te  f ra c tu re s .
The molybdenite f la ke s  have a very low rhenium content (15 ppm.) 
(Tschanz and o th e rs ,  1974). The low rhenium content is  c h a ra c te r is t ic  
o f  molybdenum stockwork deposits  (Climax - 2-5 ppm; Questa -  12 ppm) 
ra ther than copper-molybdenum porphyry deposits (Santa R ita = 800 ppm; 
Bingham Canyon = 360 ppm) (C la rk ,  1972).
<%»
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Figure 36. Photomicrograph o f  M inera lized Diopside Rich T a c t i te
Fine grained molybdenite f lakes  occur along margins 
o f  quartz v e in le ts ,  usua lly  in  contact w ith  d iopside gra ins .
Note c lu s te r  o f  molybdenite f lakes enclosing quartz . Note s in g le  
large sphene (Sp) c ry s ta l in  d io p s id e -r ic h  reg ion. Mag. X 10.
f
Figure 37. Photomicrograph o f  M inera lized Diopside Rich T a c t i te
Medium to  coarse-grained molybdenite f lake s  are found on
r t z  v e in le t  (A). Quartz in  v e in le t  is  much coarser 
the quartz  and d iops ide in  the m atr ix  (B). 
ossed N icho ls .
79
Molybdenite f lakes  and adjacent f ra c tu re  surfaces In the North 
Zone meta sediments are o ften  coated w ith  f luo resce n t ye llow  p o w e ll i te .
No fe r r im o ly b d ite  was observed in  the study area except on the surfaces 
o f  molybdenite-bearing, la te  quartz-chalcedony breccia veins (Kqb). 
Formation o f  the fe r r im o ly b d ite  in  the breccia veins may be due to the 
abundance o f  p y r i te  and the lo c a l ly  acid pH o f c i r c u la t in g  waters.
In te rp re ta t io n s
The molybdenite was deposited in  quartz (+ orthoc lase) v e in le ts  
from hydrothermal f lu id s .  Based on the s p a t ia l ly  and tem porally  
associated pyroxene fa c ie s  metamorphism and the mineral assemblages 
in  the quartz v e in le ts ,  the temperature o f  deposit ion  was probably 
between 350*C and 450®C (Hyndman, 1968). The extensive f ra c tu r in g  o f 
the sediments created a high v e in le t  d e n s ity ,  and s ig n i f ic a n t  
molybdenite depos it ion  in  the North and South Zones. Extensive 
f ra c tu r in g  could best take place a t  low con fin ing  pressures (shallow 
depths), or near a zone o f  weakness. A la rge v e r t ic a l  displacement 
along the L i t t l e  Boulder Fau lt would account f o r  the extensive f ra c tu r in g  
in  the down dropped block (North and South Zones), and the mesozonal 
features o f  the main stock in  the upthrown block.
The apparent g rea t d i f fe re n c e  in  time between the coo ling o f  the 
main stock (83 m .y .)  and the f in a l  thermal event in  the metasediments 
in  the North Zone (61 m.y. (?) Armstrong, 1978) suggests th a t  the 
eastern extension m ight be a separate p lu ton th a t  was in truded much 
la te r  than the White Cloud s tock. The p o s s ib i l i t y  o f  th is  being a
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separate la te  in tru s io n  is  low because o f  the absence o f  east to  west 
gradationa l contact metamorphism in  the sediments west o f  the eastern 
extension (P la te  1 ),  and because o f  the re p e t i t io n  o f  id e n t ic a l  rocks, 
metamorphism, ve in ing , m in e ra l iz a t io n ,  and a l te ra t io n  on both sides 
o f  the L i t t l e  Boulder F a u lt .  The apparent time lag between coo ling o f  
the main stock and the la s t  thermal event in  the metasediments might 
be explained by: 1) a long time in te rv a l during coo ling o f  the stock
and in tro d u c t io n  o f  hydrothermal f lu id s  causing ve in in g , a l te r a t io n ,  
and m in e ra l iz a t io n ,  2) An e r ro r  in  c a lc u la t io n  o f  one o r more o f the age 
dates, o r 3) P a r t ia l  re s e t t in g  o f  rad iom etr ic  clocks in  the meta­
sediments due to  heating by adjacent Eocene volcanism.
A comparison o f  the c h a ra c te r is t ic s  o f the L i t t l e  Boulder Creek 
Deposit in  re la t io n  to  some other large molybdenite deposits o f  cen tra l 
Idaho is  shown in  Table 3. A l l  o f  these deposits are found in  what 
has been termed the White Cloud-Canni van Porphyry Molybdenum B e lt  o f  
Idaho and Montana (Armstrong, 1978). Other mineral be lts  w ith  d i f f e r e n t  
trends a lso inc lude the above deposits (Badgley, 1959; Landwehr, 1967; 
Olson, 1968; Green, 1972; and Tschanz and o the rs , 1974). None o f  the 
proposed mineral b e lts  has strong evidence fo r  i t s  existence. The 
proposed b e lts  vary w ide ly  in  o r ie n ta t io n  and inc lude almost a l l  ex­
posed rocks in  cen tra l Idaho. The s in g le  common sp a t ia l c h a ra c te r is t ic  
o f  molybdenum deposits in  Idaho appears to  be t h e i r  close assoc ia tion  
w ith  g r a n i t ic  p lu tons.
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Table 3. Comparison o f  Molybdenum Deposits in  Central Idaho
L i t t l e
Boulder
Creek
Thompson 
Creek 
Depos i t
L i t t l e  F a lls  
Prospect
Walton
Prospect
Proxim ity  
to LBC
27 km 
north
96 km 
west
35 km 
SE
Elevation 2592-2867m 2318-2379m 1022-1281m 2562-2623m
Host Rocks t a c t i t e  
ad j.  to 
p o rp h y r i t ic  
quartz monz
p o rp h y r i t ic  
quartz monz.
rh y o l i  te  
dikes and 
q tz  monz.
q tz .  monz. 
and a p l i te
Age in  m.y. 83.6 stock 85.9 stock post-
Eocene
Eocene
S truc tu ra l
Controls
In down- 
dropped 
block ad j.  
to  N 15*E 
f a u l t
In f a u l t  
zone w ith  
N 60°W 
trend
In N 35°E 
d ike swarm
In f a u l t  
zone w ith  
N 20-30°W 
trend
A 1tera tion s i l i c i f i e d ,  
potassic 
zones, se r­
i c i t e  near 
f a u l t  and 
la te  brec­
c ia  veins.
completely 
a lte re d  to  
a t leas t 
p r o p y l i t i c  
grade. En­
velopes 
throughout 
inc lude a l l  
grades- 
(p ro p .-  
s i l i c . )
s i l i c i f i e d ,  
s e r ic i t e  
throughout, 
potassic 
di kes
s i l i c i f i e d ,  
plus ?
Average D e p o s i 
B uria l
D e p th ( to  to p )
t o '  -  300'
0 - 91.5 m
O' - 500'
0 - 152.5 m
O' O'
Table 3. (Continued)
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L i t t l e
Boulder
Creek
Thompson
Creek
Deposit
L i t t l e  F a lls  
Prospect
Walton
Prospect
Size 
in  m
(approx.)
180 X 900 
X 300;
150 X 180 
X 180 
120 X 60 
X 120.
600 X 180 
X 240
900 X 300 
X ? *
*zone o f  
v is ib le  Mo
1 X 12 X ?;
3 X 90 X 
?
Tonnage
(e s t . )
167
m i l l io n
100
m i l l io n  +
" s i g n i f i ­
cant" ? ? ?
Grade (e s t . ) 0.15% Mo 0.15% Mo "sub-
economic"
1968
0.60% U 
0.20% L
Occurrence 
o f  Moly
In f in e  
q tz ,  q tz -  
Kspar 
v e in le ts
In coarse 
q tz  veins 
& v e in le ts
In f in e  qtz 
v e in le ts
In f in e  to 
coarse quartz 
veins & ve in ­
le ts
Molybdenite
D escrip tion
f in e  f lakes  
on v e in le t  
margins
coarse 
f lakes  in  
veins & 
s i 1i c i f i e d  
zones
f in e  f lakes  
in  v e in le ts
? ? ?
V e in le t
O rienta-
ta ion
gen. con­
cord. w/ 
bedding - 
N 15*E, d ip  
70°W.
h ig h ly
complex
? ? ? N 20-30*W, 
d ip  v e r t .
Late barren 
qtz veins?
present present present present
Pyri te 
Association
about .5% 
in  v e in le ts  
and dissem. 
No halo.
In ve ins , 
and v n l ts  
w i th in  ore 
zone. Crse 
c ry s ta ls .  
Subtle halo
" in tense" 
in  zone 
10,000' X 
2000'.
D is t in c t  halo
? ? ?
Table 3. (Continued)
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L i t t l e
Boulder
Creek
Thompson
Creek
Deposit
L i t t l e  Fa lls  
Prospect
Walton
Prospect
Scheelite  
Association
In v n l ts  
throughout 
ore zone.
Di s t in c t  
ou ter halo.
Trace in  
ore zone 
v n l ts .  Ore 
grade in  
veins a d j.  
to  deposit
? ? ? In ta c t i t e s  
on stock 
margins
Magnetic
Expression
On s ide o f  
la rge 
magnetic 
high
In mag­
n e t ic  
high
? ? ? In magnetic 
high
References Olson, 1968 Kirkemo, 
Anderson, and 
Creasey, 1965
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Schee lite
Scheelite  is  found in  trace  q u a n t i t ie s  disseminated in a p l i te s  
and pegmatites, and disseminated in  the main stock and eastern ex­
tens ion . S chee lite -bearing  v e in le ts  are found throughout the North 
Zone metasediments, but they are most common in  a zone on the outer 
edge o f the d io p s id ic  t a c t i t e  (F igure 27). No s ch e e lite  was found in  
the South Zone.
Scheelite  gra ins are o ften  disseminated in  the t a c t i t e s ,  and re ­
place andrad ite  ga rne t, ep ido te , and diopside (Figure 3). Molybdenite 
and s c h e e l i te are not found w ith in  the same v e in le t .  Schee lite -bearing 
v e in le ts  are cu t by molybdenite-bearing v e in le ts ,  but the reverse is  
not true . A l l  o f  the s c h e e l i te  f luoresces b lue -w h ite . Most o f  the 
sche e lite  gra ins are very f in e  (.1-1 mm), but a few are g rea te r than 
1 cm (F igure 38) across.
The sch e e lite  was probably deposited e a r ly  in  the ve in ing process. 
The sch e e lite  contains very l i t t l e  molybdenum as ind ica ted  by the co lo r  
o f  fluorescence and assay re s u l ts .  Contemporaneous deposit ion  o f 
molybdenite and low molybdenum-bearing s c h e e l i te  w i l l  occur in  a high 
s u l fu r  - low oxygen fu g a c ity  system (Hsu and G a lley , 1973).
The average grade o f  WÔ  in  the d io p s i te - r ic h  t a c t i t e  o f  the 
North Zone was subeconomic ( d r i l l  hole assays ASARCO, 1970). The 
outer margin o f  the d io p s id ic  t a c t i t e  and the banded t a c t i t e  conta in 
a v is ib ly  h igher percentage o f  s c h e e l i te ,  and some byproduct recovery 
may be fe a s ib le .
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Figure 38. S chee lite  Bearing Diopside Rich T a c t i te
Sample is  from ou ter margin o f  Pwd zone, and shows the 
maximum s c h e e l i te  content present in  rocks o f  the North Zone. 
Schee lite  (Sh) is  o u t l in e d  in  black to  f a c i l i t a t e  id e n t i f i c a t io n .  
Dark m inerals in  rock are garnet and d iops ide , and l i g h t  m inerals 
are o r th oc la se , p lag io c lase , and quartz . Sample is  8 cm long.
8 6
Other M e ta l l ic  M inerals
Base and precious metals, except p y r i te ,  are confined to  quartz 
breccia veins. The la rge  (Kqb) quartz-chalcedony breccia veins in  the 
North Zone conta in  up to 90 percent (o f  ve in ) arsenopyrite  and p y r i te ,  
and minor amounts o f  galena, s p h a le r i te ,  and molybdenite. Textural 
evidence in d ica tes  s p h a le r i te  and galena were deposited la s t .  Assay 
re s u lts  o f  the Kqb veins in d ica te  .0 2 -3 .5ppm gold, 1.0-9.0ppm. s i l v e r ,  
and minor Mo, Pb, Zn, Cu, Sb, and Sn (Table 1 ).
The quartz -b recc ia  veins in  the South Zone (near the Kd plug) 
contain p y r i te ,  c h a lc o p y r i te ,  and minor malach ite . Copper bearing 
minerals are not found elsewhere in  the study area.
The qu a rtz -b recc ia  veins cu t a l l  v e in le ts  and d ikes , and are on ly 
cut by la te  f ra c tu re s .  The associated in tense s e r i c i t i z a t io n  is  the 
re s u lt  o f  H+ metasomatism o f  the host rocks. Because base and precious 
metal bearing veins are common around the White Cloud s tock , they may 
not be d i r e c t ly  re la te d  to  molybdenite m in e ra l iz a t io n .
CHAPTER V I I I  
DISCUSSION
The L i t t l e  Boulder Creek deposit has many c h a ra c te r is t ic s  which 
are common to  most stockwork molybdenum deposits (C la rk , 1972;
King, 1970; Kirkemo e t  a l . ,  1965; Laine, 1974; Wallace e t a l . ,  1968): 
Molybdenite is  the on ly  ore mineral present. I t  is  accompanied by 
p y r i te  and minor amounts o f  s c h e e l i te .  The deposit occurs in  a major 
s t ru c tu ra l b e l t ,  the L i t t l e  Boulder Creek f a u l t  zone. The deposit host 
rocks (metasediments) were severely f ra c tu re d  p r io r  to  mineral depos it ion  
from hydrothermal f lu id s .  Hydrothermal a l te ra t io n  occurred probably 
contemporaneous w ith  mineral depos it ion . The g e n e t ic a l ly  associated 
igneous host (the White Cloud stock) is  a d i f f e r e n t ia te  (Bennett, 1973) 
r ic h  in la te  f ra c t io n a te d  elements (such as K, and Be) and poor in  e a r ly  
f ra c t io n a te d  elements (such as Fe, Mg, Ca and Mn). The L i t t l e  Boulder 
Creek deposit is  a lso found in the same area (rad ius 20 m iles) as 
several o the r stockwork molybdenum deposits .
Many c h a ra c te r is t ic s  o f  the L i t t l e  Boulder Creek deposit are unique: 
The molybdenite bearing v e in le ts  occur mainly w i th in  a t a c t i t e  zone.
The t a c t i t e  resu lted  from contact metamorphism co n tro l le d  by f ra c tu r in g  
and jo in t in g  which decreases away from the White Cloud stock. Intense 
hydrothermal a l te r a t io n  is  confined to  f a u l t  zones. A large f a u l t  zone, 
the L i t t l e  Boulder Creek f a u l t  zone (zone o f  la te  a c t ive  movement),
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passes immediately west o f  the ore bodies and displaces the ore and 
host rocks downward. A second la rge f a u l t  zone, the Uncle Jess f a u l t ,  
truncates the eastern edge o f  the ore bodies. The m inera lized zones 
were p a r t i a l l y  covered by C h a ll is  vo lcan ics . The deposit occurs on 
the side o f  the la rg e s t  magnetic high in  the reg ion. (This c h a ra c te r is t ic  
is  comiTion among o ther deposits o f  the reg ion, but i t  is  uncommon among 
o ther deposits in  the western hemisphere.) The eastern f a u l t  d isplaced 
stock segment is  enriched in Fe, Ca, and Mn and depleted in  Cu, Ba, 
and Sr when compared w ith  the main White Cloud stock. The ore zone 
ta c t i te s  are enriched in  Cu, Zn, Mo, W,Zr, Mg(?), Ba, Mn, and Sr when 
compared to the stock and eastern segment (Table 2 ).  (Normally stockwork 
molybdenum deposits have associated negative anomalies in A1, Ca, Na,
Fe, Mg, T i ,  Sr, Ba, V, and Cl accompanied by p o s it iv e  anomalies in H^O,
S, Cu, Pb, Zn, K, F, and Zr - Laine, 1974).
The existence o f  the ancient L i t t l e  Boulder Creek f a u l t  zone probably 
was the most important fa c to r  in  ground preparation fo r  m o ly b d e n i t e  
depos it ion . The 500 fe e t  wide in te nse ly  fra c tu re d  area developed in  the 
upper po rt ions  o f  th is  reg ional f a u l t  zone (zone o f  weakness shown in  
Figures 42, 43, and 44) served as a strong s t ru c tu ra l  con tro l fo r  ve in in g , 
a l te r a t io n ,  and m in e ra l iz a t io n .  The evidence fo r  the existence o f  th is  
regional zone p r io r  to  m in e ra l iz a t io n  inc ludes: 1) t h is  zone can be
traced on aeromagnetic maps f o r  more than 20 m ile s , which ind ica tes  th a t 
i t  is  deep-seated, and probably extends in to  the p6 basement. Such
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fa u l ts  are o ften  very o ld .  2) M e ta l l ic  mineral deposits are located 
in th is  zone fo r  6 m iles along the eastern margin o f  the White Cloud 
stock. 3) Molybdenum m in e ra liza t io n  at L i t t l e  Boulder Creek occurs 
in  elongate zones a ligned w ith in  the ancient f a u l t  zone (zone o f  
weakness).
In the area o f  the L i t t l e  Boulder Creek deposit the ancient f a u l t  
zone was healed w ith  quartz v e in le ts  and ap li te /p e g m a tite  dikes and s i l l s .  
Continued r is e  o f  the White Cloud Stock caused a new zone, the cu rren t 
L i t t l e  Boulder Creek f a u l t  zone, to be a c t iva te d . This new zone is  
located s l i g h t l y  west o f  the ancient f a u l t  zone (Figure 43) in  the deposit 
area, but appears to be co inc ident w ith  the ancient zone fu r th e r  to the 
northeast and southwest.
In the L i t t l e  Boulder Creek deposit most o f  the ea r ly  v e in le ts  occupy 
bedding j o i n t  se ts , la te r  ve in le ts  more f re q u e n t ly  occupy cross j o i n t  
se ts. The mechanism fo r  the production o f  bedding jo in t s  is  unknown, 
but cross jo in t s  probably resu lted  from: 1) tension produced by the
doming o f  sediments during r is e  o f  the s tock, 2) shrinkage due to 
c r y s ta l l i z a t io n  and f l u i d  loss from the s tock, or 3) sh a tte r in g  by 
hydrothermal f l u i d  pressures.
The occurrence o f  a m inéra log ie continuum between quartz v e in le ts  
and a p l i t e  and pegmatite dikes supports the theory th a t  hydrothermal 
f lu id s  are a con tinua tion  o f  magmatic processes. The normal sequence 
o f  events in a d i f f e r e n t ia t io n  process would re s u l t  in  e a r ly  depos it ion  
o f  a p l i te  and pegmatite dikes and la te r  depos it ion  o f  quartz v e in le ts .
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The more common presence o f  quartz ve in le ts  in  the e a r ly  and middle 
stages suggests a la te  resurgence o f  magmatic a c t i v i t y  in the deposit 
area.
Based on the general c h a ra c te r is t ic s  o f  stockwork molybdenum 
deposits (C la rk , 1972; King, 1970; Kirkemo e t a l , ,  1965; Laine, 1974; 
Wallace e t . a l . ,  1968), and the c h a ra c te r is t ic s  o f  the L i t t l e  Boulder 
Creek deposit in  p a r t ic u la r ,  several loca l areas might serve as good 
exp lo ra t io n  ta rg e ts :  1) the eastern margin o f  the White Could s tock,
2) a zone west-northwest and east-southeast o f  the Thompson Creek depos it,  
and 3) a la rge zone along the eastern margin o f the A tlan ta  lobe o f  the 
Idaho b a th o l i th  (S la te  Creek Lineament area in  Figure 2 ).
The eastern margin o f  the White Cloud stock along the ancient 
L i t t l e  Boulder Creek f a u l t  zone is  a good exp lo ra tion  area because there 
are sp o ra t ic  molybdenite occurrences in th is  zone between the L iv ings ton  
Mine in the north and the Washington Basin in  the south. In a d d it io n ,  
small t a c t i t e  bodies are found on the stock margin in  th is  area. Some 
evidence ind ica tes  the possib le  existence o f  a la rge stockwork-type 
molybdenum deposit a t  depth in  th is  zone: 1) The ancient L i t t l e  Boulder
Creek f a u l t  zone apparently  was the primary physical con tro l on f l u i d  
m ig ra tion  and molybdenum deposit ion  in the L i t t l e  Boulder Creek depos it.
2) Such c h a ra c te r is t ic s  as confinement o f  intense hydrothermal a l te ra t io n  
to f a u l t  zones, lack o f  pervasive a l te ra t io n  o r s ig n i f ic a n t  m in e ra liza t io n  
in  the eastern stock segment, and an increase in  molybdenite content in 
la te  stage d i f fe r e n t ia te s  (a p l i te s  and pegmatites) suggest th a t  the
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L i t t l e  Boulder Creek deposit may be located on the upper or ou ter 
periphery o f  a la rge  magmatic-hydrothermal system. A molybdenite ore 
body a t depth would be confined to a la te r  phase In t ru s iv e  which would be 
In tense ly  and pervas ive ly  a l te re d .  Such a d i f f e r e n t ia te  would be 
is o s ta t lc a l ly  l i g h te r  and would cause the White Cloud stock block to r is e .  
The most probable lo ca t io n  fo r  such a buried molybdenite bearing In ­
t ru s iv e  phase Is d i r e c t ly  below or west o f  the L i t t l e  Boulder Creek 
depos it. However, s t ru c tu ra l  preparation may have been more favorab le  In 
another lo ca t io n  along the ancient L i t t l e  Boulder Creek f a u l t .  I t  should 
be noted th a t  there Is  much g re a te r negative e v ld e n c e a g a in s t  existence 
o f  a burled deposit in  the L i t t l e  Boulder Creek area: 1) There Is  no
apparent Increase In m in e ra l iz a t io n  or hydrothermal a l te ra t io n  w ith  depth 
o f  the depos it.  2) I f  the source o f  m in e ra liza t io n  Is  a down dropped 
segment o f  the White Cloud s tock , then the q u a n t ity  and grade o f  the deposit 
In the t a c t i t e  zone decreases w ith  depth. (This Is  demonstrated by the 
narrow t a c t i t e  zone and sparse m in e ra l iz a t io n  along the main stock west 
o f  the North Zone.)
The zone along the west-northwest trend ing  f a u l t  system, which 
apparently con tro ls  the Thompson Creek d e po s it .  Is also a good exp lo ra t io n  
area. The main Thompson Creek ore body Is  e longate along th is  zone.
A second, sm alle r molybdenite body Is located near the surface along the 
f a u l t  zone 1 m ile  west-northwest o f  the main ore zone. Numerous ore 
deposits ( In c lu d in g  tungsten and molybdenum) occur In Paleozoic sediments
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and small in tru s iv e s  wherever th is  f a u l t  zone is  not covered by 
C h a ll is  vo lcan ics . Exp lora tion in  covered areas might prove f r u i t f u l  
in  the area between the Yankee Fork D is t r i c t  and Poverty F la ts (east 
o f  the Clayton S i lv e r  Mine). The f a u l t  zone is  e a s i ly  id e n t i f ie d  as a 
wide lineament on ERTS photos,
A t h i r d  ta rg e t fo r  e xp lo ra t io n  comprises a la rge  zone along the 
eastern margin o f  the A tlan ta  lobe o f  the Idaho b a th o l i th .  Along th is  
margin there are numerous f e ls i c  T e r t ia ry  in tru s iv e s  which were o r ig in a l ly  
mapped as Idaho b a th o l i th  (W. E, H a l l ,  w r i t te n  communication, 1977). 
Considerable molybdenite is  re la te d  to o the r T e r t ia ry  in tru s iv e s  in  the 
region ( i . e .  Walton Prospect) and these scattered in tru s iv e s  may be 
favorab le ta rg e ts .
CHAPTER IX 
GENETIC INTERPRETATIONS
During Paleozoic tim e, f in e ,  q u a r tz - r ic h ,  and calcareous 
c la s t ic  sediments were deposited in  Central Idaho (Pw), During ea r ly  
Mesozoic time the P a c if ic  P la te was subducted near the western 
con tinenta l margin (somewhere near the Idaho-Oregon border - 
Hyndman and T a lbo t, 1976). P a r t ia l  m elting o f  the lower c rus t was 
in i t ia te d  by the temporary increase in  the thermal g rad ien t near the 
subducting p la te .  Magmas created by the p a r t ia l  m e lting  began to  r is e  
through the c ru s t .  When these magmas reached lower con fin ing  pressures, 
they s low ly cooled and s o l id i f i e d .  Sediments to  the east were fo lded 
and ove rth rus t east due to  g ra v i ty  s l id in g  away from the r is in g
in tru s io n s  (F igure 39). A separate magma, perhaps derived from the
residual f lu id s  in  the p a r t i a l l y  s o l id  (Idaho b a th o l i th )  magmas, 
rose along a zone o f  weakness east o f  the main p lu to n ic  mass. Rise 
o f  th is  magma caused the o ve r ly in g  sediments to  be u p l i f te d  in  an 
elongate dome (F igure 40). Continued is o s ta t ic  r is e  o f  the stock and 
possib ly  magmatic and hydrothermal f l u i d  pressures caused the 
sediments near the zone o f  weakness (the ancient L i t t l e  Boulder Creek
fa u l t  zone) to  be in te n se ly  sha tte red . S hatte ring  o f  th is  zone may have
allowed some protuberance o f  the stock (F igure 41). When in te rn a l 
b o i l in g  pressures o f  the res idua l l iq u id s  in  the p a r t ia l l y  c r y s ta l l in e  
stock exceeded the exte rna l h yd ro s ta t ic  pressures, the res idua l l iq u id s
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Figure 39. West-East Cross Section Showing Evo lution o f  L i t t l e
Boulder Creek Deposit. Newly generated magma, begins to  
r is e  through c ru s t.  M i l l ig e n  Pm. (Mm) sediments and Wood 
River Fm. (Pw) sediments have been fo lded and o ve rth rus t 
as a r e s u l t  o f  the r is e  o f  Idaho b a th o l i th  to  the west. 
Note the LBC f a u l t  which extends in to  the basement.
Magma
Diagrammatic- 
Not to Scale
Figure 40. West-East Cross Section Showing Doming o f  M i l l ig e n  (Mm) 
and Wood R iver Sediments (Pw) by Rising Magma. L i t t l e  
Boulder Creek (LBC) f a u l t  zone p a r t i a l l y  con tro ls  the 
r is in g  magma.
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Diagrammatic- / Not to Scale
Figure 41. Cross Section Showing F racturing  and F lu id  Loss from the 
White Cloud Stock. A s o l id  cap (B) forms in  the r is in g  stock. 
Fractures and jo in t s  (C) develop in  the cap and in  the adjacent 
metasediments p a r t ic u la r ly  near the f a u l t  zone (D). Residual f lu id s  
escape from the p a r t ia l l y  l iq u id  core (A) and f i l l  the f ra c tu re s .  
Continued f ra c tu r in g  allows escape o f  more f lu id s  and f l u i d  in f lu x .
Wood River Fm
ZONE
Wood
RiverCO
OF Fm
W hite Cloud Stock
WEAKNESS
igure  . Li uaa bfecLiuh bhunî iiy m 1 Lci dtiuTi z.ufies and bepa~ution ot 
White Cloud Stock Apophysis. A wide zone o f  metamorphism and a l ­
te ra t io n  developed in  the F au lt Zone or Zone o f  Weakness. Continued 
r is e  o f  the White Cloud Stock ac t iva ted  a major f a u l t  plane causing 
the separation o f  the s e g m e n t.
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LBC
FAULTR EM O VE D BY EROSION
Z on a  o f  W o o k n o s s
P w
was
Pw
ext. PwW hite Cloud Stock
*w
Figure 43. Cross Section Showing Displacement o f  Eastern Stock 
Extension. White Cloud stock continues to  r is e  
i s o s ta t lc a l l y  and there is  g rea te r erosion o f  up­
l i f t e d  blocks than downdropped blocks.
LBC
Fault
Z ono o f  W a o k n e ts
W hite Cloud Stock
WC
M o
ext
Pw TcvPw
O r o
Figure 44. Cross Section Showing Continued Fau lt  Movement, Ex-ulnu t
posure o f  Stock, and Eruption o f  Vo lcan ics. C h a l l is  
vo lcan ics  (Tcv) flowed over the topographic low above
downdropped b locks. G lac ia t io n  caused e x c e l le n t  ex­
posure o f  main stock. Note narrow band o f  metasediments 
near stock and wide band (o f  m inera lized metasediments) 
near eastern extension.
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escaped through fra c tu re s .  As the escaping f lu id s  cooled and reacted 
chem ica lly  w ith  the wall rocks, m inerals were p re c ip ita te d  along the 
sides o f  f ra c tu re s  u n t i l  the fra c tu re s  were completely f i l l e d .  Continued 
f ra c tu r in g  during th is  period allowed tremendous volumes o f  f lu id s  to 
escape in to  the s o l id  stock she ll and adjacent sediments. The escaping 
f lu id s  produced a thermal and chemical g rad ien t In the calcareous 
q u a r tz lte s  near f ra c tu re s  and near the stock I t s e l f ,  causing metasomatic 
replacement o f  primary m inera ls. La te r, coo le r hydrothermal f lu id s  r ic h  
In base metals and s u l fu r  escaped through a few large fra c tu re s  and 
formed the quartz-chalcedony breccias. Continued Is o s ta t ic  r is e  o f  the 
stock (and perhaps externa l fo rces) caused re a c t iv a t io n  o f  the western 
edge o f  L i t t l e  Boulder Fau lt Zone (Figure 42). The pro trud ing  arm o f  
the stock and adjacent m inera lized t a c t i t e  were separated and downdropped 
along the L i t t l e  Boulder F au lt .  Erosion o f  the area developed a rugged 
topographic surface. In the Eocene Epoch the C h a ll is  vo lcan ics were 
erupted on the eastern side and associated dikes were In truded. Continued 
r is e  o f  the stock created several down-dropped blocks and allowed rap id  
erosion o f  the western side o f  the blocks. F ina lly , g la c ia l  erosion o f  
the stock created steep aretes and ta rn s , and deposited considerable 
t i l l  In the lower areas (Figure 43).
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